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CHAPTER I 
INTRODUCTION 
The need for broader knowledge about vascularization 
has been emphasized in recent years. The blood vessels are 
the prime means which the organism has to supply tissues with 
the necessary nutrients. The understanding of their structure, 
activity, and distribution in normal and diseased areas, has 
been the goal of many researchers. Blood circulation is di-
rectly related to life. If it ceases, death of tissues and 
consequently of the whole organism is inevitable.(1) 
Microscopic vessels, which comprise the largest part of 
the vascular system, are designed so that they are close to 
every cell of the body and can perform their main function; 
i.e., to bring nutritive substances and to remove the waste of 
the tissues. This important part of the vascular system is de-
serving of other studies in order to obtain more information. 
The dentition, its investing tissues, and surrounding 
oral structures are also a part of the organism and therefore 
have a similar microcirculation. It is important to know the 
microvasculature of oral tissues not only in its normality but 
in disease and wound healing as well. 
Since 1682, when A. van Leeuwenhoek stated that the 
dental pulp contains a large number of vessels, to the present, 
despite the sophisticated techniques available, the understand-
ing and demonstration of vascularization remain a challenge.(2) 
Many studies for anatomic visualization of vessels related to 
19 
dentition have been made, using different approaches. Blood vas-
cular patterns have been shown by means of dye solutions,(J) 
latex,(a,9 ,Jo,35) gelatin preparation,<4,5, 6 ,7) radiopaque sub-
stances,<6,lO,ll,l2,13) chemical substances,Cl5,l6 ,l7,lS) micro-
spheres,(l9,20) silicone rubber,< 21 > and India ink,(3, 22 , 23, 24, 
25,26, 27, 28 , 29) using injection techniques. 
Most studies involve 
10,14,17,18,20,21,29,32,J4) 
traumatism,( 25,32 ) or under 
90) 
• 
tissues and vessels, normal~5, 8 ,9, 
inflammed,( 20,JO,Jl) under occlusal 
a chemical or physical irritation(JJ, 
There is, however, a lack of information pertaining to 
the behavior of the microcirculatory system in wound healing of 
periodontal tissues. 
Purpose 
The purpose of this investigation is to observe the 
changes, alterations, and behavior of vessels in areas in which 
periodontal surgery was performed. The vessels are subjected to 
direct injury during surgery, and the pattern followed by them 
could be completely different from those in the studies already 
carried out. Also, during the healing process several changes 
in vascularization could be observed. To achieve this purpose, 
gingivectomy and periosteum retention techniques were performed 
on dogs. Injection with filtered Pelikan carbon black suspen-
sion (Gunther Wagner) was done before the sacrifice of the ani-
mals. The presence of carbon black in the vessels during wound 
20 
healing could bring about a condition that would make possible 
the accomplishment of the purpose of this investigation. 
CHAPI'ER II 
REVIEW OF THE LITERATURE 
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Techniques for Perfusion 
Several techniques and materials have been tried by many 
researchers in an attempt to identify the pathway of blood ves-
sels in the body. Most of them have been used to study the vas-
cularization of dental and periodontal tissues. 
Dyes 
Since the end of the last century, some dyes have been 
used in combination with gelatin to demonstrate the blood ves-
sels. Hunt(4) in 1890 disagreed with the theory that a single 
artery passes directly through the apical foramen. He demon-
strated that the blood supply of the tooth "was distributed 
through the cancellous bone by a number of small branches, and 
all along the periodontal membrane by a system of capillaries." 
Through the carotid artery, Hunt injected into the fetus carmine 
gelatin to study the blood supply of developing teeth. 
was 
The distribution pattern of the vessels in human jaws 
studied by Hayashi(5) in 1932, using carmine gelatin. He 
found a richer blood supply in the upper jaw, with more vascular-
ization on the lingual aspects of both the upper and lower jaws. 
The front teeth were an exception to this rule. 
Also working with carmine gelatin, Cohen( 6 ) injected it 
into the common carotid artery and studied the vascular archi-
tecture of the cat mandible. He showed that the supply to the 
periodontal ligament emanates from the three different sources: 
23 
vessels from the alveolar bone, from the gingiva, and from the 
apical arteries. 
In 1901, Lepkowsk~36 ) described the dental pulp vessels 
in human fetal teeth when Berlin blue with gelatin was injected. 
Five years later, Bouffard(37) carried out the same type of study 
in animals, using benzidine stain. As early as 1896, Gerota(3) 
was using Prussian blue in turpentine and ether, as well as 
aqueous solution of Berlin blue, to identify the blood vessels. 
Through the wall he injected the dyes into the tooth, which had 
been ground previously. He observed the dyes as they flowed to 
the lymph vessels and nodes. 
In 1917, "the existence or non-existence of lymph ves-
sels in dental pulp was the subject of debate." Dewey and 
Noyes(?) tried to clarify this matter. They filled the arteries 
and veins with carmine gelatin that was injected through the 
left common carotid of dogs. These investigators were of the 
opinion that, a£ter solidification of this material within the 
blood vessels, any other substance injected would be picked up 
by the lymph vessels. Consequently, they applied Prussian blue 
in two different ways: directly into the pulp under pressure, 
and on the jaws subperiosteally. With this technique, Dewey 
and Noyes were able to show the lymph vessels of the dental pulp. 
According to Saunders,(38) however, the first to demon-
strate lymph vessels coursing from the gingiva and dental pulp 
to the nodes was Schweitzer, in 1907 and 1909, with the use of 
Prussian blue. 
,, 
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Radiopague Materials 
To take advantage 0£ X-rays, radiopaque material has been 
injected into the vessels as guides to study their pathway. 
As was stated by Schuback and Goldman(lO) in 1957, this 
material has to have the £ollowing speci£ications: 
a. It should not be injurious to the tissues; 
b. It should have su££icient radiopacity to 
allow visualization 0£ small vessels, par-
ticularly when they cross bone and tooth; 
c. It should remain within the vascular tree; 
d. It should allow £or a £airly rapid injection; 
e. It should be possible to harden the mass 
a£ter the injection; 
£. It should contain no large particles which 
might produce arti£actual occlusion; 
g. It should be readily removable during the 
dissection 0£ the vessels; 
h. It should not inter£ere with preparation 0£ 
microscopic .section, i£ le£t in the speci-
mens; 
i. The size 0£ the vessels to which the mass 
£lows should be known. 
With metallic mercury, Horton,(ll) in 1930, was able to 
study the collateral circulation in 42 amputated human extremi-
ties with gangrene. 
Radiopaque mass was used by Schlesinger(l2) to study 
the coronary arteries and the relationship 0£ vascular supply to 
areas 0£ myocardial in£arction. In 1949, an attempt was made by 
Perint(lJ) to demonstrate vascular patterns in the canine, £eline, 
25 
and human neonatal jaw. "Hauch's lead compound" was injected 
into the carotid, with the carotid vessels ligated. The stand-
ard radiographic technique used did not furmdsh the details 
which he was seeking. 
Schuback and Goldman,(lO) in 1957, mixed 60 cc of triple 
distilled mercury with 60 cc of 10 percent of gelatin mixture 
for two minutes in a Waring blender, to get the specifications 
already described. The common carotid of the dog was cannulated 
and the jugular vein used for drainage. Prior to the per£usion 
the vessels were washed with one liter of normal saline solution. 
The mass was injected at a constant pressure of 400 mm of mer-
cury; approximately 100 cc of the mixture were used. The teeth 
to be radiographed and studied were cut in blocks. Goldman,( 25) 
in 1956 used the same technique, but the animal was under experi-
mental occlusal traumatism. 
Saunders,(14) in 1957, to avoid the cannulation, used 
the suction technique introduced by Kramer (1951). The radio-
paque material (micropaque) was suctioned through the apex into 
the pulp by a hole made in the crown. In 1966 he used various 
methods of injection (micropipete, suction, injection into the 
heart or carotid), to study the dental pulp vessels.(39) 
Saunders used young rhesus monkeys, human fetuses, and extracted 
human teeth to show the blood supply of unerupted and erupted 
monkey teeth and human teeth: fetal and erupted. The same mate-
rial was used by Cohen(6) for injecting human jaws directly into 
the cancellous bone. He demonstrated by radiography and 
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dissection the venous drainage 0£ the mandible. By roentgeno-
grams, Castelli(J2) studied the arterial branches of periodontal 
vasculature, injecting in freshly dead monkeys Teichmann's paste 
colored with cinnabar or with Schlesinger's modified mass. 
Chemical Reactions 
Noyes and Ladd(l5) in 1929 studied the lymphatics, using 
£erric ammonium citrate that was applied to the mandibular canine 
0£ dogs. The tooth was prepared by grinding off the enamel. 
Through the dentinal tubules the solution reached the pulp, from 
where it was taken by the lymph vessels and carried to the first 
gland 0£ in£erior maxillar group. 
Working on live animals, by injection or application of 
lead acetate, MacGregor,( 16 ) in 19J6, investigated the lymphatic 
system of the teeth and jaws. He demonstrated that guinea pigs 
and monkeys have submental and supraclavicular lymph nodes that 
are not found in cats and dogs. 
Studies done on the rat, rabbit, opposum, and hamster 
demonstrated the patterns of blood supply to teeth and adjacent 
tissues.(l7) Potassium dichromate solution and diluted lead 
acetate solution were injected into the femural artery, or into 
the abdominal or thoracic aorta. "Very striking similarity, if 
minor di!'ferences in the shape of teeth, mandible and maxilla 
are disregarded," were the conclusions of Boyer and Neptune. 
carranza, Jr., et al(lB) working on several dif'ferent 
laboratory animals, studied the periodontal vascu.larization, 
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using the technique of Wachstein and Meisel. In that way they 
could detect the walls of the blood vessels by the adenosine-
triphosphatase activity. 
Plastic Materials 
In 1947, Liebow and his co-workers,(l9) developed a 
technique by which a colored vinylite was injected to show the 
circulatory tree. Recently, Folke and Stallard(20) used small 
plastic spheres to study the course of periodontal vessels. The 
plastic microspheres are inert to the tissues and cause no ad-
sorption or absorption of blood. They used black spheres with 
15 ! 5 microns in size, suspended in a sterile 15% dextran solu-
tion. The experiment was done on five monkeys which had the 
common carotid exposed and cannulated. Inasmuch as the internal 
carotid was clamped, the solution penetrated only the vasculari-
zation of the jaws, through the external carotid. In this ex-
periment the animals were kept alive after the perfusion, to be 
sacrificed at different times. 
Latex 
To make possible a tree of vascularization, latex was 
used in some experiments. To reach this goal Kindlova and Matena(a) 
in 1959 used a corrosive latex technique. This consisted of in-
jecting into the common carotid artery, as well as into the jugu-
lar vein, two different colors of latex. The experiment was 
carried out on the right side of live rats. After the fixation 
and decalcification, the heads were dissolved in 10 percent pepsin 
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solution, after which the latex tree was hardened and kept in 
10 percent formol solution. These investigators also injected 
into some animals only the dark latex in order to reach the 
finest vessels. They examined these specimens in cleared sec-
tions. 
In 1965, Kindlova(35) did a similar experiment on mon-
keys for the purpose of studying the marginal supply of the 
periodontium. 
Silicone Rubber 
In 1967 a new method for perfusion was developed by 
Cutright and Bhaskar.( 2l) The material which they used was a 
silicone rubber with particles of one micron diameter. The 
material can be obtained in several colors and retains its shape 
during laboratory procedures. A combination of various colors 
and viscosity can be prepared to reach and to identify different 
caliber of vessels. This material has also a radiopaque prop-
erty for radiographic studies. The aortas of two monkeys were 
cannulated to be injected, and the drainage was done by the 
right atrium. The head and neck were washed with a saline solu-
tion. Then, using a JO cc syringe, the red silicone rubber was 
injected until the drainage could be seen in the atrial vent. 
After clamping the cannula and the vent, the animals were kept 
in refrigerators for 24 hours, by which time the material was 
vulcanized. The sections were cut into 50 microns and cleared 
in 100 percent glycerin. By this technique, Cutright and Bhaskar 
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demonstrated that the blood supply of periodontal ligament comes 
from the intra-alveolar and gingival arteries, but the anterior 
teeth receive their main source from the labial soft tissue. 
India Ink 
As far back as 1896 Gerota(3) attempted to show the den-
tal lymph veaaels by using India ink. In 1927 Fish(22) studied 
the circulation of the lymph vessels by injecting India ink into 
the pulp of live dogs. 
In 1951, Kramer(23) injected the blood vessels of ex-
tracted human teeth with India ink. He exposed the pulp through 
a small hole into which a suction was applied. India ink was 
aspirated through the apical foramen to fill the pulpal vessels. 
Nine years later(40) he repeated the experiment, also using de-
ciduous teeth. He was able to describe the arteriovenous connec-
tion, the complexity of the blood vessels system in multirooted 
teeth, and the distribution of capillary plexus. 
Keller and Cohen,(24) working on dogs, and using a spe-
cial device with a gravity supply of 70 mm mercury, did a per-
fusion of two hours' duration. They cannulated the common ca-
rotid and cut the corresponding jugular vein. Two liters of nor-
mal saline solution were used before the perfusion, with refined 
India ink, to wash the vessels. The blocks were cut into sec-
tions 1 to 1.5 mm thick, after which they were dehydrated and 
cleared. With this technique they attempted to solve some of the 
problems of perfusion. 
An interesting study was carried out by Goldman(25) in 
' 
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1956 to demonstrate the "Gingival Vascular Supply in Induced 
Occlusal Traumatism." He injected India ink into the common ca-
rotid artery of a dog that was under experimental occlusal trau-
matism. The occlusal pressure blocked only the periodontal 
ligament vessels, but the gingival blood supply was not affected. 
Peripheral capillaries in the pulp of rats, rabbits, 
hamsters, and mice were injected with an India ink solution 
citrate mixture by Adams( 26 ) in 1959. He used the common ca-
rotid artery, or the aorta of freshly dead animals. In this 
manner he was able to describe the capillary system of odonto-
blastic layer of rodent incisors. 
Chacker and Cohen(27) in an abstract of their study on 
"Mucogingival Surgery on Monkeys", cited the use of India ink 
without any further information. 
Castelli,(28) working on human adult cadavers, injected 
India ink either into the . common carotid artery or into the in-
ferior alveolar artery. The origin and disposition of the arte-
rial vessels were then described. In a later study(3 2) he used 
six live monkeys, and India ink was injected into their common 
carotid artery with a pressure of 105 mm mercury. This experi-
ment was performed to determine the early response of a pressure 
transmitted by teeth to the periodontal blood vessels. During 
the perfusion the experimental forces on the teeth were still 
active. The heads were fixed in a 4 percent formaldehyde solu-
tion. After the blocks were cut, Castelli removed all of the 
so~ tissues and, following the Spalteholz method, he cleared 
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the hard tissues. 
To study the blood vessels of the dentogingival junction, 
Egelberg,(29) in 1966, used a mixture of carbon suspension (Peli-
kan ink) and gelatin. He worked on seven dogs which were anes-
thetized for the exposition of the carotid artery and both jugu-
lar veins in each side. After this was done, an overdose of 
anesthesia was given, and both sides were injected simultaneously 
with one liter of 0.9% saline solution by use of a Y-tube to 
rinse the vessels. The carbon mixture was then injected and an 
average of 500 cc were used. The injection pressure was not 
measured. Egelberg cut only sections of the gingiva in bucco-
lingual and mesiodistal directions. The sections were cleared in 
glycerin and examined under a stereomicroscope by transillumina-
tion. He described the arrangement of the blood vessels at the 
dentogingival junction. 
Vascular Anatomy 
The number of studies carried out on the vascular anat-
omy is not proportional to the importance of blood supply for the 
tissues in normality and diseases. This is brought about by the 
fact that it is difficult to acquire human material, and by tech-
nical problems which interfere with visualization of the course 
of the vessels throughout the bone. More attention has been 
focused upon the small vessels which supply the periodontal tis-
sues and pulp than upon the large vessels of the jaws. 
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Jaws 
The maxillary artery from which the upper and lower teeth 
and their surro~ding structures obtain all the branches emanates 
from the external carotid artery. 
Maxillary.- There are three branches of the maxillary 
artery: posterior, middle (if present), and anterior or infra-
orbital, which supply the upper jaw. Close to the point at which 
the maxillary artery enters the pterygomaxillary fissure, there 
is formed the posterior branch that penetrates the maxillary tu-
berosity. This posterior branch supplies the molars and pre-
molars with their surrounding structures. When a middle branch 
is present it arises from the maxillary artery and, in conjunction 
with some small branches from the infraorbital artery, supplies 
the premolar region. 
The infraorbital branch from the floor of the orbit sup-
plies the canine and incisor tooth region. To furnish the neces-
sary nutrition to the mucous membrane of the hard palate, the 
palatine artery emerges through the posterior and anterior pala-
tine foramen. 
Mandibular.- The arteries which supply the lower teeth, 
gingiva, and surrounding structures are derived from the inferior 
alveolar artery. Before entering the mandibular foramen it 
passes between the pterygoid muscle and the mandibular ramus. 
Coursing through the mandibular canal, the inferior artery 
branches out, thus creating a series of dental vessels which will 
supply the dental pulp, gingiva, interdental septum, and alveolus. 
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The mental artery emerges through the mental foramen and supplies 
the gingiva of the anterior area. The lingual gingiva receives 
its nutrition from the lingual artery, a branch which arises from 
the inferior dental artery before it enters the mandibular fora-
men. (2$) 
.. 
Pulp 
Many authors have been concerned with the anatomy of the 
vessels of tooth pulp. Several studies on animals(S,9,39) as 
well as on human teeth( 23,39) made possible the description and 
a modern concept of the pulpal blood supply. 
According to Boling and Robinson,(41) and Boling(42) four 
to eight arterioles enter each root of the teeth of cats and dogs. 
Most of these arterioles penetrate through apical foramina, but 
some of them reach the pulp from lateral canals. Once inside the 
pulp, the larger arteries are confined to the middle area of the 
canal. When they reach the coronal area many lateral branches 
extend to form a meshwork in the odontoblastic layer. The col-
lateral circulation is sufficient to supply the pulp, even if one 
of the roots should be amputated. 
James(43) compared the rich plexus of the odontoblastic 
layer in hamsters, fish, and reptiles to the arrangement of blood 
vessels in bone marrow to emphasize its nutritional importance. 
Peripheral capillaries. in the rodent incisor pulp were 
studied by Adams( 26) us~g rats, rabbits, hamsters, and mice 
that were injected with India ink. Adams described a very close 
meshwork of capillaries adjacent to the predentine and lying 
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among the distal ends of the odontoblasts. A looser network was 
found in the subodontoblastic region. Connections between these 
two were formed by vessels, most of which ran parallel to the 
long axes of the odontoblasts. 
Extensive studies on the blood supply of the incisor and 
molar teeth of rats were done by Kindlova and Matena.(8,9) By 
corrosive latex casts and histological sections they could in-
vestigate the anatomy of the vascular bed of the pulp. The in-
cisors receive fGur to five branches from the main afferent 
artery. Each pulpal artery is subdivided into three to five 
smaller branches after it enters the root. Capillary loops are 
formed when the artery reaches the odontoblastic layer. Near the 
tip of the pulp a biind end of the blood supply is present, in-
dicating a cessation of odontoblast activity, because the in-
cisors of rats have an accelerated eruption. Kindlova and Matena 
stated that "the arterial net of the pulp is not connected to the 
circulation of the periodontium." In the rat molar a capillary 
network is developed from the afferent arteries and supplies the 
odontoblasts of the coronal pulp. This network is richer in the 
incisor because of the more intense odontoblast activity. 
Kindlo~a and Matena suggest that the richer blood supply of this 
area is a consequence of the number of odontoblasts and not of 
the quantity of dentin formed. 
Saunders(39) studied erupted and unerupted teeth in mon-
keys, and it was clear to him that a common vascular course_ sup-
plied both dentitions. A group of pulpal arteries ascends in 
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the root canal, and as they approach the pulp chamber they form 
a rich plexus that will reach the subdentinal area. In multi-
rooted teeth Saunders demonstrated that "the pulpal vessels, on 
ascending the root canal and entering the pulp chamber, 1) give 
off a fanlike leash of smaller branches toward the pulp horns 
and subdentinal capillary plexus, and 2) form a vascular bridge 
across the lower part of the pulp chamber." 
Human dental pulp has been studied in extracted 
teeth,(39,40,44) and in fetuses.(39) In 1951, Kramer(23) in-
troduced a technique to inject dental pulp to avoid the diffi-
culty in cannulating the small apical vessels. He used suction 
through a hole made in the crown to aspirate the dye and fill the 
blood vessels. 
This technique was applied by Russel and Kramer(44) for 
the purpose of studying deciduous and permanent teeth with or 
without caries. They described a pair of vessels, probably one 
artery and one vein, connecting either the periodontal ligament 
to the pulp or root canals of fused root teeth. 
In another study done in 1960, ~ramer(40) confirmed the 
presence of lateral canals, also in the bifurcation area, "some-
times appearing to contribute more to the root canal vascular 
system than the vessels entering the apical foramen." He was 
able to demonstrate the complexity of the blood supply of multi-
rooted teeth and the arteriovenous connections of the vascular 
system in dental pulp. Kramer stated that the peripheral plexus 
of human dental pulp is different from the one shown by Adams(26) 
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in his study of rodent incisors. He found only a subodontoblas-
tic plexus with some capillary loops penetrating among the odon-
toblasts to reach the predentin. 
Saunders,( 14,39) studied extracted human teeth by inject-
ing micropaque. He stated that: 
In single rooted teeth the pulpal vessels form 
a vascular bundle in the root canal, but in the 
pulp chamber the larger vessels are likely to 
be centrally located and surrounded by numerous 
small paraxial vessels, from which the smallest 
pass radially to terminate in the peripheral or 
subdentinal capillary plexus. 
This plexus does not remain only in the coronal part, but it ex-
tends to the root canal area. The arteries from each root of the 
multirooted teeth either join together to form "vascular bridges" 
in the lower part of pulp chamber, or ascend to supply the pulpal 
horns. Saunders(39) also studied the anatomic dev~lopment of pulp 
in human fetal teeth. He described the intradental plexus in the 
dental papilla, and showed that 
The larger subcuspal vessels are selected early 
within the intradental plexus to become the 
main pulpal arteries and veins, and thus the 
future principal root vessels. The intradental 
plexus eventually undergoes compression and 
elongation with the growth of dentin and the 
formation of the root. 
t 
From Sau!'lders' observations, one would assume that the vascular 
bridges were present in the developing human molar teeth. 
Periodontal Ligament and Alveolar Bone 
In 1898 Burchard(45) stated that the periodontium re-
ceives vessels derived from the apical arteries, as well as from 
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the branches of alveolar vessels. 
Birn{46) confirmed the presence of perforations in the 
alveolar wall, and investigated their number and size. He 
studied the vascular supply of the periodontal ligament, using 
84 human tooth sockets. He related the number and size of per-
forations to the vessels they could carry and calculated the 
blood supply per square millimeter of the area. Birn stated 
that the posterior teeth have a more ample blood supply and the 
gingival portion of the periodontal ligament receives more ves-
sels from the alveolar walls than does the apical third. The 
middle third is the least irrigated in a single-rooted tooth and 
is similar to the apical third in the multirooted tooth. 
When the periodontal ligament ia examined in cross-
sections, one can observe the vessels located closer to the bone 
and 
sue 
residing in oval areas formed by bundles of connective tis-
fibers.(47) 
A detailed study of the blood supply of alveolar bone 
and periodontal ligament was done by Hayashi(5) in 1932. He 
demonstrated that the dental artery furnishes branches which go 
directly to the septum of the socket wall. Before entering the 
apical foramen, two longitudinal periodontal arteries are formed. 
The periodontal ligament also receives nutrients from branches 
that pass through perforations in the alveolar walls. The upper 
jaw has a larger number of blood vessels than the lower jaw. 
With the exception of the lower anterior teeth, there are more 
vessels in the lingual aspect than in the buccal aspect. 
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The anatomy of the rodent jaw and its dentition present 
a long incisor which passes beneath the roots of the molars. In-
terconnection of vessels from the periodontal ligament of these 
teeth was demonstrated by Boyer and Neptune(l7) in 1962. 
In 1960, Cohen,(48) working with cats, demonstrated three 
sources of supply for the periodontal ligaments: branches from 
apical arteries, vessels from alveolar bone and from gingiva. 
Some differences in vascularization in the monkey and 
in man were shown by Castelli(32) in 1965. In monkeys there is 
a specialized arterial supply for the incisors. The facial 
artery and the anterior branch of the great palatine artery sup-
ply the buccal and lingual periodontal ligament of the upper in-
cisors. The incisal branch of the sublingual artery supplies 
the lower incisors and the surrounding structures. Castelli 
also found that there are no vessels from the gingiva to the 
periodontal ligament in the ~andible. 
Gingiva 
The network which supplies the gingiva is formed by an 
anastomose of branches coming from the arteries which supply 
the crest of bone, the vestibule, and the oral mucosa. 
The anterior and posterior superior dental arteries are 
the main source of nutrition for the upper gingiva. The bucco-
lingual area also receives vessels from the facial and infra-
orbital arteries, while the lingual aspect is supplied by the 
great palatine artery. 
The inferior dental artery furnishes branches to supply 
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the interdental, buccal, and lingual gingiva or the lower teeth. 
The aublingual branch or the lingual artery gives additional 
nutrition to the lingual aide. Ramification or the buccal, in-
ferior labial, and mental arteries completes the irrigation or 
the buccolabial gingiva. 
In searching for more anatomical details, the microcir-
culation or the gingiva has been studied. In 1881 Wed1(49) suc-
ceeded in finding coiled capillaries in the cervical portion or 
the periodontal ligament in the cat, dog, guinea pig, calf, and 
hare. According to Wedl, the pathology or this area can induce 
atrophy or the coiled capillaries. It was his opinion that 
coiled capillaries are important for the control or masticatory 
forces. 
Schweitzer(50) and Ishimitsu(5l) confirmed Wedl's find-
ing. Ishimitsu also believes that this glomerulus-like arrange-
ment or capillaries is an arteriovenous anastomose related to 
the blood flow regulation. 
Experimenting on rats in 1959 and 1962, Kindlova and 
Matena(8,9) identified the glomerulus-like arrangement described 
by Wedl. Kindlova(35) was also able to observe this same arrange-
ment in monkeys. From these investigations with corrosive latex 
they concluded that: 
The marginal periodontium is supplied by two 
vascular networks, one or which supplies the 
periodontal membrane and the other the gin-
giva. Although anastomoses do occur between 
them, each network forms a separate system. 
The network in the coronal part or the peri-
odontal membrane is characterized by the 
presence of tightly coiled capillary loops -not 
seen elsewhere in the periodontium. This sug-
gests that the tissues which lie coronal to the 
periodontal membrane, in the vicinity of the 
epithelial attachment, require a modified blood 
supply. 
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Special attention was dedicated by Egelberg(29) in 1966 
to the anatomy of blood vessels of the dentogingival junction. 
In studying the buccolingual and mesiodistal sections of the 
marginal gingiva in dogs, he found some differences in vascu-
larization between the crevicular and oral epithelium areas. 
Egelberg stated that "the principal difference between the 
arrangement of vessels under the oral epithelium and under the 
crevicular epithelium in healthy gingivae is that capillary 
loops similar to those present under the oral epithelium are 
not observed under the crevicular epithelium." This could be 
a consequence of the different architectural pattern between the 
above-mentioned epitheliums. The absence of rete pegs in the 
crevicular epithelium permits a flatter surface and a greater 
proximity of the vascular bed to the sulcular environment. 
Similar findings were reported by Folke and Stallard(20) 
in 1967 in studying the microcirculation of monkeys. In the 
"col" area it was possible for them to observe a combination of 
both the parallel (crevicular epithelium) and perpendicular 
(oral epithelium) arrangement of the blood vessels. 
Even in mild inflammatory states the coiled glomerulus-
like capillaries formation disappears and are replaced by a 
dense capillary network.(JO,J5,49,50) In sections of inflamed 
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gingiva, Egelberg(Jl) found an increased blood supply with loop-
like formations replacing the thin layer or blood vessels that 
was present under the crevicular epithelium or healthy gingiva. 
Goldman,(25) in 1956, in an experiment in which he ob-
structed the periodontal vessels by occluaal traumatism, demon-
strated that the blood supply to the gingiva was not affected. 
He showed the vessels going through the alveolar crest and from 
the attached gingiva to the gingival margin "despite the occlu-
sion or the blood supply through the periodontal membrane." 
Gingivectomy 
Gingivectomy is the removal of the pathologic gingival 
tissue which forms the deepened gingival crevice and, according 
to Ramfjord and Costich(74) 1963, "represents the moat common 
modality of periodontal surgery." The so-called periodontal 
pocket "may be defined as a space bordered on one side by the 
teeth and on the other by the crevicular epithelium, the base of 
the pocket being limited by the epithelial attachment."(77) 
Recently the reports on gingivectomy have emphasized the 
healing more than the techniques.(74,75,76) In 1945 a paper 
authored by Orban and Archer<78) entitled "Dynamics of Wound 
Healing Following Elimination or Gingival Pockets" was published. 
Since their opinion was that the existent techniques were based 
on clinical experience, they decided to do a clinical and histo-
logic study to secure more scientific knowledge regarding the 
reaction or the tissues to the surgery. These authors perfo!fDed 
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a gingivectomy on patients and made interdental biopsies every 
two days for a period of two weeks. No surgical pack was used. 
Their "clinical observations revealed that healing took place 
rather rapidly. In the beginning, the wound surface had a gray-
, · ish colored blood clot, and later, a red, velvety granulation 
tissue. After fourteen days, the surface appeared to be covered 
by epithelium."(78) Histologically, the two-day biopsy showed 
a blood clot, which was formed immediately after surgery, pass-
ing through a transformation. The outer layer of the clot suf-
fered a bacterial attack and became necrotic, after which a large 
number of neutrophils, as a defense mechanism, formed the center 
area. Mitosis on the basal cell layer of the epithelium, which 
borders the wound, invades the blood clot to separate the outer 
and center areas from the inner layer, which is a network of 
fibrin. The four-day biopsy presents the first evidence of re-
placement of the inner layer by granulation tissue. This is 
comprised primarily of new capillaries and fibroblasts. The 
necrotic layer is then completely separated from the young vas-
cularized connective tissue by a demarcating accumulation of 
leukocytes. The epithelium continues to migrate above the gran-
ulation tissue and, by this time, covered almost all of the 
wound area. Healing progresses for fourteen days, during which 
there is a thickening of the epithelium, a better organization 
of connective tissue, and the replacement of the acute inflam-
matory state (leukocytes) by a chronic reaction (lymphocytes 
and plasma cells). 
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Bernier and Kaplan(79) studied the repair of gingival 
tissue after surgical intervention. They found that, because 
surgical pack was used, healing took place at a more rapid rate 
than Orban and Archer(78) found to be the case. These authors 
stated that "one of the functions of leukocytes and fixed tis-
sue elements is to prevent the penetration of bacteria and their 
toxins into the underlying connective tissue. It is probable 
that the slightly irritating effect of the pack, although facil-
itating healing, stimulated these cells to greater activity." 
Working on dogs, Waerhaug(BO) studied clinically and 
histologically the healing, with special attention being given 
to the depth of the incision. He found no clinical difference 
in the healing process whether or not pack was used, since in 
both cases the epithelization was completed after two weeks. 
The histologic sections revealed a new epithelial attachment 
covering the notch from its deepest point. Based upon this find-
ing, Waerhaug stated that the instrument could make a notch which, 
if close to the base of the pocket (epithelial attachment), could 
be lined by epithelium. Consequently, he advises performing the 
gingivectomy and making the incision 1 mm above the bottom of 
the pocket. 
The possible influence of the pack upon wound healing was 
studied in more detail by Waerhaug and Loe.(81) They did gingi-
vectomies on four young dogs and packed them, which packs were 
retained by an acrylic splint for 26 days. The pack was con-
sidered "slightly irritating but it does ,not prevent healing, 
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and it apparently does not cause any damage." The majority or 
cases were epithelized during a nine-day period, but some areas 
may remain uncovered after 23 days. 
Persaon,(82) working on eleven days did 57 gingivec-
tomies so that he could observe the healing process with special 
regard to the regeneration of the epithelium. His incisions 
were made "at about the level of the alveolar crest" where a 
groove was made with a bur. The animals were sacrificed for 76 
days, almost daily during the first ten days. On the second day, 
the basal layer of the old epithelium furnished the first cells, 
which migrated into the blood clot. The six-day finding showed 
the replacement of the blood clot by granulation tissue. It 
takes from eight to ten days for the epithelium to reach the 
teeth, "• •• and becomes attached, in some way to the dentin 
and cementum of the apical border of the groove." Persson re-
lated the downgrowth of the epithelium and the inflammatory in-
filtration, during the later stage of healing, to the presence 
of the groove. 
Klingaberg and Butcher(7J) showed that periodontal wounds 
can be produced and studied in rats. They produced three dif-
ferent wounds on the palate or these animals. The first one was 
a bone denudation, the second an exposure or connective tissue 
by peeling off the epithelium, and the third was a regular muco-
periosteum flap. Histologic sections were obtained at intervals 
of zero, four, and 24 hours, and four, eight, and 28 days. The 
authors found that the periodontal healing or rats simulates 
•. 
• 
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that of larger animals. The authors feel that"• •• removal of 
the epithelium constituted as severe a periodontal insult as re-
moval of the entire mucoperiosteum." According to them, the 
connective tissue without an epithelium covering would allow the 
escape of tissue fluid and the entrance of noxious substances. 
Human material was obtained from nine patients, to be 
used in a study on healing after gingivectomies.(74) Using the 
technique described by Kohler and Ramfjord(64) block specimens 
(tooth and surrounding structures), were removed at intervals 
from zero hour to 44 days. By making notches above the gingival 
margin, Ramfjord and Costich were able to compare the measure-
ments before and after surgery, In the majority of cases, his-
tologic sections showed a severence of connective tissue. Since 
the epithelial attachment was always removed, the new epithelium 
migrated apically into the created defect. This defect was 
attributed to damage caused ~y improper curettement during gin-
givectomy. The location of the new gingival sulcus was considered 
a combination of downgrowth of epithelium and a building up of 
connective tissue. These authors suggested that the root scaling 
and planing should be done prior to surgery, and the incision 
shollld be located at the bottom of the clinically measurable crev-
ice to avoid damage to connective tissue and, consequently, a 
deepening of epithelial attachment. 
After gingivectomies by use of radio isotope material, 
the study of dynamics and cell proliferation was the objective 
of Engler, Ramfjord and Hiniker.(76) Tritiated thymidine was 
46 
used to label the cells synthetizing DNA in a premitotic phase. 
Gingivectomiea were performed on three healthy adult male rhesus 
monkeys. The time intervals were 2, 5, 9, 13, 25, 37, and 49 
hours, and 3, 5, 7, 9, 14, 21, and 35 days. Two and one-half 
posterior teeth were operated on each time, and no surgical 
dressing was used. The intravenous injections of the label mate-
rial were given one hour before the sacrifice. Some of the sec-
tions obtained were prepared .by the radioautograph tec.hnique, 
while others were stained with Hand E for comparative studies. 
An increase in labeling of the basal cell layer of the epithe-
lium took place in the two-hour specimens, beginning at 2 mm 
from the margin of the incision. For twelve hours the number of 
labeled cells increased slowly, after which the rate of labeling 
progressed more rapidly and migration of the cells commenced. 
The peak of labeling was reached at 24 hours and of migration at 
36 hours. At a rate of 0.5 mm- a day, it takes the new epithe-
lium approximately five days to reach the tooth. The surface of 
the wound appears to be healed within two weeks, but complete 
healing of the sulcus takes from four to five weeks. The authors 
concluded that 
" • • • 
the critical period for the complete heal-
ing of a gingivectomy wouild is from two to five weeks after the 
surgery. Meticulous oral hygiene during this period is essen-
tial for the establishment of a physiologic gingival sulcus." 
In the second part of this study, Ramfjord and his co-
workers(75) emphasized the healing of connective tissue. An 
acute inflammation was present two hours after the gingivectomies, 
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but the connective tissue labeling started one day after surgery 
and reached its peak by the third day. The cell activity was 
located 0.3 to 0.5 mm beneath the "poly-band" which was fonned 
on the wound surface. After the migration of the epithelium 
between the "poly-band" and the forming connective tissue, the 
acute infiltration is replaced by chronic inflammatory cells. 
The authors argued that "Most of the regeneration of the free 
gingiva takes place from the third to the ninth day after the 
surgery, and initially consists of vascular granulation tissue." 
However, complete healing and restoration of functional tissues 
require three to five weeks. 
Recently Stahl, Witkin, Cantor, and Brown( 83) studied 
the healing of gingivectomies in humans. From 128 adult patients 
with periodontitis, they took bioptic specimens from the healing 
tissue immediately after surgery and at 1, 7, 14, 21, and 28 days. 
The authors could not correlate the healing response to any of 
the following factors: location and depth of pockets, age, sex, 
and the socioeconomic level of the patients. Curettages per-
formed previously on some patients had no influence on the heal-
ing proceas. Epithelization was complete in all the patients at 
14 days, but only in 61 percent of them at 7 days. At the con-
clusion of the experiment (28 days) there was an active connec-
tive tissue repair identified by argyrophilic young collagen 
fibers that had been present from the seventh day. The gradual 
increase in inflammation and vascularization at the newly-fonned 
gingival margin had not returned to the preoperative level at 
28 days. 
l 
Mucogingival Surgery: Periosteum 
Retention Technique 
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Goldman(52) emphasized the need for special techniques 
in the treatment or situations which affect the proper post-
operative architecture of the mucogingival area. Subsequently, 
many techniques became available by which to handle the three 
main problems cited by Goldman: 
1. Pockets which extend below the junction of the 
attached gingiva and alveolar mucosa. 
2. The retraction of the gingival margin caused 
by the pull of freni, and also freni as a sec-
ondary ini'luence once the pocket formation has 
taken place. 
3. Insufficient vestibule following pocket therapy, 
causing food lodging against the gingival margin 
and becoming packed interproximally by the lip 
motion. 
A fourth problem was described by Nabers( 53) when he said: 
" • • • 
when the base or an inverted interproximal pocket is 
apical to the mocogingival junction and the pocket is to be 
eliminated utilizing osseous surgery." 
Linghorne and O'Conne11,C54) in 1950, studied the re-
attachment or soft tissue after mucoperiosteal flaps. They 
used the canine teeth of dogs in which grooves had been made 
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as landmarks to measure the position 0£ the gingival sulcus. A 
£ull £lap was raised and 7 x 6 mm 0£ radicular bone was removed, 
leaving the tooth exposed. The £lap was repositioned and sutured, 
and histologic sections were obtained £or a period 0£ £rom £ive 
days to one year. Clinically, they could observe that in 19 days 
the area was not probeable, the gingiva had a normal appearance, 
but with 1 to 3 mm recession. The lower canines did not present 
the same results, since little attachment occurred to £orm deep 
pockets. Linghorne and O'Connell concluded that: reattachment 
can occur; new cementum is laid down either on old cementum or 
on resorbed root structure; the reattached connective tissue 
£ibers are parallel to the tooth; epithelium migrates downward 
when connective tissue reattachment £ails; alveolar bone regen-
erated in some degree. 
The regeneration 0£ gingival tissue a£ter surgery, where 
alveolar mucosa £ormerly existed, was based upon clinical evi-
dence only. Ivancie(55) per£ormed gingival extension operations 
on 20 patients to treat periodontal pockets involving the muco-
gingival junction. The gingivectomy eliminated the pockets and 
the remaining tissue (alveolar mucosa) was replaced apically, 
leaving the bone exposed. A£ter the £irst week, Ivancie was 
able to describe clinically the wound covered by granulation tis-
sue and passing through a regeneration cycle a£ter £our days, 
attaining the color, £orm, and texture 0£ a normal gingiva. His-
tologic sections were taken a£ter 1, 6, and a months of healing 
. 
for the purpose of comparing them to the preoperative biopsies. 
• 
' 
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The clinically healed gingiva (one month) presented hiatologic-
ally the appearance of mucosa rather than of attached gingiva. 
The connective tiaaue was still immature, lacking in orienta-
tion of collagen fiber bundles. The epithelium had incomplete 
keratinization and little epithelial rete peg formation. The 
newly-formed gingival tissue acquired hiatologically the aspect 
of attached gingiva between six and eight months after surgery. 
Bradley, Grant and Ivancie(56 ) did work similar to the 
above and confirmed the clinical and histologic findings. Their 
investigation was carried out on 25 patients, and they evaluated 
the biopsies which had been taken one, six, and twelve months 
after the surgical procedures. 
A detailed study was made by Wilderman, Wentz and 
Orban( 57) to determine the origin of granulation tissue which 
forms the new gingiva. In ten dogs, they simulated the surgical 
wound created by mucogingival techniques which denuded the bone. 
The healing was described by clinical observation and histologi-
cal sections that were taken by sacri£icing the animals at dif-
ferent intervals, from zero hour to 185 days. Mucoperiosteal 
flaps were lifted from premolar areas, leaving 5 x J2 mm of bone 
exposed. A clot formation was seen immediately after the pro-
cedure at the periphery of the denuded bone. Granulation tissue 
replaced the clot in two days. Within a period of from six to 
ten days, this soft, reddish, shiny, hemorrhagic tissue grows to 
cover the wound surface. The differentiation continues, and the 
gingiva appears to be completely healed at 28 days, but not 
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pigmented or stippled. At the end of the experiment "the new 
tissue could still be distinguished from the adjacent tissue be-
cause of the contrast of color and surface texture." The histo-
logic two-day section showed necrosis of superficial bone and 
granulation tiaaue growing from the incised areas and periodon-
tal ligament. Thia necrotic bone was resorbed, thus allowing 
granulation tisaue to grow from the open marrow spaces. This 
formation of tissue which emanates from the surrounding mucosa, 
marrow spaces, dentogingival junction, and periodontal ligament, 
joins together to form a covering for the entire area. The great-
est oateoblaatic activity occurred between the third and fourth 
weeks. Although the interdental bone was completely repaired, 
the radicular area showed an anatomical deformity. When the ex-
periment was completed, the epithelium which had formed over the 
connective tissue in a period of 21 days was attached in a more 
apical position than th~ control specimens. A six-month period 
was neceaaary for a complete maturation and functional orienta-
tion of the involved tissues. 
As the bone denudation technique resulted in a great 
loss of supporting structures, ( 57) Wilderman ( 58) studied the re-
action of the bone when there was some connective tissue and 
perioateum remaining to cover the wound. Another advantage of 
this procedure would be to provide more comfort for the patient 
during healing. This experimental work was carried out on ten" 
dogs. A 5 x JJ 111D of connective tissue was exposed in premolar 
areas by raising a mucogingival flap. This was excised and 
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sutured at the base of the wound. The epithelial attachment was 
removed from the dentogingival junction, and care was taken not 
to make contact with the bone during the procedure. In order to 
measure the possible loss of tissue, notches were made at the 
crown and in the bone at the deepest part of the wound. Sacri-
ficing intervals were zero hour, and at 2, 4, 6, 8, 10, 14, 21, 
28, 90, and 180 days after surgery. Immediately after the pro-
cedure, a blood clot formed which covered the connective tissue. 
Wilderman observed an interrelation between the amount of connec-
tive tissue remaining and the thickness of the alveolar bone with 
the osteoclastic activity. Bone resorption "began in the crestal 
area immediately and reached a peak between the fourth and sixth 
day postoperative periods." At the locations where notches were 
made and the knife unintentionally touched the bone, necrosis 
appeared, thus delaying the periosteal osteoclasia. The young 
connective tissue originated from the periodontal ligament, mar-
row spaces, Haversian's canals, vestibular periosteum, and ex-
posed connective tissue. After ten days the area was epithe-
lized. Bone repair at the area of the notches continued for 90 
days, while the crestal area had its greatest bone formation be-
tween 14 and 21 days. The reorganization of periodontal liga-
ment fibers took place between three to four weeks after surgery. 
Wilderman'a final conclusion was: 
Bone resorption occurred when connective tis-
sue was retained over the bone. The last 
specimens indicated that after repair the 
alveolar crest remained at a slightly lower 
level and the vestibular alveolar bone was at 
times narrower than in the control specimens. 
The dentogingival junction was slightly api-
cal to its original. position. The final con-
nective tissue over the vestibular alveolar 
bone was not as thick as in the control area. 
The result or this healing procedure was a 
functional repair with an anatomical deformity. 
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Wilderman ( 59) desc·ribed and analyzed the biological 
principles or wound healing or supporting structures, on which 
the mucogingival techniques are baaed. Histologic evaluations 
were made for comparing reactions when bone is exposed, not ex-
posed, temporarily exposed, or a combination of all three. 
These evaluations were then applied in an attempt to solve muco-
gingival problems. When pathology indicated working on the bone, 
it was found that the temporary exposed bone technique (flap re-
placed) was the least traumatic. When bone is protected by a 
mucoperiosteal flap, there results more rapid healing time, less 
postoperative pain, and minimal crestal bone loss over the tooth 
root. 
The discussed predictability in increasing vestibular 
depth by the periosteum retention technique led Bohannan(60) to 
a clinical and radiographic study done on 27 patients. The muco-
gingival problem was treated in the lower anterior area by gin-
givectomiea and periosteum retention. Between 1 and 4 mm of bone 
were exposed to correct the deformities. From this area the con-
nective tissue was split, vestibular depth was increased, and the 
flap excised. The area was then covered by a periodontal pack. 
The position of the fornix was observed postoperatively by means 
of a cephalometric method immediately after, and again at 1, 2, 
• 
• 
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4, 6, 12, and 16 weeks after surgery. After one week the de-
nuded bone and the periosteum retention area were covered by 
granulation tissue. A remarkable reduction of vestibular depth 
was observed. Thia reduction resulted from the formation of 
"rolling" tissues between the labial flap incision edges and the 
undisturbed perioateum. The measurement of reduction of the 
vestibular depth by the cephalometric method was very precise. 
At the completion of the experiment, only 12.5~ of the extended 
fornix remained stable. The most extensive loss (65~) was pres-
ent during the first two weeks. 
A surgical procedure that would change the position of 
the vestibular fornix apically and retain its stability was in-
troduced in 1962 by Corn. ( 6l) The periodontal separation tech-
nique waa carried out on 19 patients who were observed over a 
two-year period. Corn claims that if a band of bone is exposed 
at the bottom of the ext.ended vestibule, the alveolar mucosa 
will not grow coronally during the healing. He obtained com-
plete aucceaa in 18 of hia cases due, in hia opinion, to this 
tecbn:I que. 
To compare clinically and hiatologically the value of 
the bone denudation and the periosteum retention technique in 
mucogingival surgery, an operation waa performed on eight healthy 
adult mongrel doga.(62) In order to aeaaure the distance to the 
mucogingival line and crest of the marginal gingiva, notches were 
made in the crovna. In addition, aeasur•ents were ta.ken from 
the crest of the gingiva to the baae of the aulcua, and froa the 
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crest or the gingiva to the mucogingival .line; the difference 
between them was considered to be the width of the attached gin-
giva. The surgical procedures consisted or a gingivectomy to 
the crest or the bone, followed by two vertical incisions to 
raise either a mucoperioateal flap or a mucogingival flap that 
was excised at the bottom of the wound. In this manner, Glickman 
and his co-authors had a wound by which to study the increase of 
attached gingiva and the reaction of bone, applying the bone de-
nudation and perioateum retention technique. Moat of the animals 
were packed for two weeks. In all caaea, the width of the 
attached gingiva was increased and the mucogingival line shifted 
apically. The periosteum retention technique presented a slightly 
wider band of attached gingiva than did the bone denudation pro-
cedure. The one-week hiatologic sections showed epithelization 
and some inflammation when the periosteum was retained, as well 
as bone necrosis in the animals on which the bone denudation 
technique had been carried out. No flagrant differences were ob-
served after two weeks of healing. At four weeks the soft tissue 
in both caaea was similar to the control areas, but a greater re-
duction of alveolar bone, in bone denuded specimens, was flag-
grant. The three-month result showed the connective tissue re-
sembling a scar covered by a stratified squamous keratinized epi-
thelium with leas rete pegs than usual. Both techniques revealed 
a reduction in height of the alveolar bone. Although this reduc-
tion was alight when the periosteum retention technique waa util-
ized, there waa a loaa or approximately one-third to one-half 
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when the bone denudation technique was carried out. The authors 
concluded that "• •• the width of the attached gingiva follow-
ing the surgical procedure could not be predetermined by remov-
ing the periosteum or leaving it intact." Removal of the peri-
osteum during mucogingival surgery delayed healing and caused a 
significant loss in the height of the alveolar bone. 
Chacker and Cohen( 27) working on monkeys, performed an 
apical repositioned mucoperiosteal flap on the mandibular right 
molar area. The attached gingiva had been removed previously by 
a gingivectomy. The crowns were notched and the distance to the 
edges of the incised tissue was measured. The bare bone and mar-
gins of the wound were covered by a pack for three weeks. The 
animals were sacrificed at 10, 21, 42, 90, and 180 days. The re-
sults showed a 2 mm increase of attached gingiva. The epitheli-
zation was observed only in the 42-day specimen. In this ab-
stract the authors referred to -a perfusion or India ink which 
was _injected into a group or animals, but he did not elaborate 
upon his findings. 
Seven patients were operated upon by Pfeifer(63) using 
the apical repositioned flap and split flap techniques. The 
main objective of this study was to observe the reaction of the 
buccal bone plate in maxillary and premolar areas. Arter a heal-
ing period or 4, 7, 14, and 21 days the teeth were extracted in 
blocks, following. the technique advocated by Kohler and 
Ramfjord,(64) and histologic sections were prepared. There was 
much oateoclastic activity when the mucoperiosteal flap was 
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utilized. When the split flap technique was applied, and the 
remaining periosteum and connective tissue were too thin or had 
been removed unintentionally, there was some resorption. Osteo-
clasts were practically absent on the periodontal ligament side. 
The healing and maturation of the soft tissue were similar in 
both procedures. 
Carranza and Carraro< 65) studied quantitatively the 
effect of the removal of the periosteum. Surgery was done on 
the lower anterior area of dogs, leaving the left side with the 
bone denuded and maintaining the periosteum on the right side. 
At the same time the mucogingival line was deepened, after which 
measurements were taken from the notches in the crowns. The 
wound was covered by a surgical pack and kept in place for one 
month by means of an acrylic stent. The animals were sacrificed 
at one, two, and three months. The statistically significant 
result obtained was that a much greater gingival recession was 
found when the bone was denuded. The mucogingival line remained 
more apically on both sides at the same level. The above ob-
servations were used in a study on humans.(66) Similar tech-
niques were applied in the lower anterior region of seven patients. 
Before the operation, clinical measurements were taken from a 
fixed point in the crown and repeated 90 and 180 days after the 
procedures. The authors confirmed their previous findings and 
concluded, "that: a) the postoperative width of the gingiva is 
greater when the periosteum is left intact; b) the apical shift 
of the mucogingival line is similar on both sides; c) there is 
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no relation between the width of denuded bone and postoperative 
gingival width." 
When the periosteum fenest~ation(61) or separation(67) 
techniques became available, Carranza and co-authors( 6B) real-
ized that the advantage of bone exposure and periosteum reten-
tion could be combined to accomplish a greater and more stable 
band of attached gingiva in gingival extension operation. The 
perioateum retention procedure was carried out in the lower ante-
rior area of eight dogs, the right aide of which was fenestrated 
at the bottom of the wound. The distance from the grooves made 
in the crowns to the gingival margin and to the mucogingival 
line was measured before the surgery and repeated JO, 60, and 90 
days after the operation. The quantitative evaluation and his-
tological observation led the authors to the following results: 
recession of gingival margin was slight and similar on both 
sides: with periosteum fenestration a wider band of attached gin-
giva was achieved; the mucogingival line position is more stable 
if periosteum fenestration is done. This seems to occur because 
the granulation tissue extends to the bone surface, thus joining 
with the fibroblastic proliferation which originated in a mar-
row apace. The authors "support the indication of periosteal 
fenestration in gingival extension operations." 
Pennel and co-workera(69) studied the results of perios-
teum retention in humans, with standardized photographs being 
taken before, during, and after the surgery. The cases were 
followed for three years and "an average of 2.1 mm of new 
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attached tissue was gained apical to the original mucogingival 
junction." Clinically, the new gingiva was shiny, non stip-
pled, immovable, and free from muscle pull. Microscopically, 
the collagen fibers were parallel to the surface and were 
covered by a parakeratotic epithelium in which there was a lack 
of definite rete pegs. In the opinion of the authors, "peri-
osteum retention has limited application. However, when muco-
gingival problems are complicated by little or no attached gin-
giva and alveolar bone over the root ia very thin or absent, 
retaining periosteum may be the procedure of choice." 
In order to study the healing of the split thickness 
flap, Staffilene et a1(67) conducted an investigation on four 
adult dogs. The buccal region of the premolar teeth was chosen 
for surgery. Two vertical incisions, one placed mesially to. 
the first premolar and the other distally to the third premolar, 
were made. A horizontal incision penetrating the bottom of the 
sulcus split the gingiva into two parts. The outer part was 
comprised of connective tissue and epithelium, while in the 
inner part there was some remaining connective tissue and peri-
osteum. The epithelial attachment was preserved, and after the 
dissection the gingival flap was repositioned and sutured. The 
animals were sacrificed at zero hour and at 2, 6, 14, 21, and 
60 days. The clinical healing progressed as follows: Immedi-
ately after surgery, a clot and a small hemorrhage were pres-
ent; two days later the margins of the wound were rolled, red-
dish, and shiny; at six days the gingival flap seemed to be 
' 
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attached to the underlying tissue; at 14 days the healing was 
completed, with some scar formation at the borders of the flap. 
At both 21 and 60 days there was a similarity to the control 
side. Histologically, the investigators were able to describe 
an epithelium bridging formation which started within 4g hours, 
with a complete sealing in six days. At the same time great 
cellular activity was taking place in the connective tissue. 
The bone resorption reached a peak at six days, and the osteo-
blastic activity was more intense at 21 days. The final result 
was a functional repair without anatomical deformity. 
Staffileno et a1(70) modified the above described ex-
periment by excising the gingival side of the split flap in 
order to study the cellular mobilization and repair of hard and 
soft tissues. They used the mandibular premolar areas of three 
adult dogs which were sacrificed at zero hour and at 2, 6, 14, 
and 21 days. The histologic sections showed a complete epithe-
lization in seven days. At this time the osteoclastic activity, 
which reached its peak at four days, diminished and bone appo-
sition started. After 21 days immature bone was formed and the 
repair resulted in a "slight anatomical deformity of the dento-
gingival junction. This deformity was characterized by, (a) a 
more shallow sulcus, (b) a dentogingival junction slightly api-
cal to its preoperative position." In contrast to the papers 
of others ( 57 ,58) this paper did not present any osteoclastic 
activity in the periodontal ligament side. 
Mucoperiosteal flaps in humans was carried out by Kohler 
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and Ramfjord.( 64) They used only patients with clinically 
healthy periodontal tissues, in which full flaps were raised, 
' 
bone and cementum were preserved from any inadvertent damage, 
and then the flaps were repositioned and sutured. From the 
notches made in the crown, clinical measurements were recorded. 
Kohler and Ramfjord developed a technique to remove the speci-
mens in blocks during the extraction of the teeth. The clinical 
and histological observation showed a complete healing without 
any significant loss of periodontal structure. In 40 percent of 
the cases foreign bodies were found (gauze, calculus, and cotton) 
as well as fragments of periodontal structures. The authors sug-
gested that scaling should be done prior to the operations and 
that suction should replace the use of sponges. 
Dii'ferences in the healing process when the flap tech-
nique was followed and when ~rooves were made in the roots were 
studied by Persson.(71) The notches were made by a bur, but 
sometimes they occurred by accident. He lifted 20 mucoperiosteal 
flaps in seven dogs, performed an alveolectomy, repositioned and 
sutured the flap, and sacrificed the animals at from one to 125 
days. Among the 35 teeth which had been operated on, 24 were 
notched, and the reactions of the connective tissue and the epi-
thelium to this area were observed. Six notched teeth had an 
apical epithelial proliferation; all of the other specimens pre-
sented an uneventful epithelial attachment. Persson could ob-
serve that "where epithelium proliferated down over defects, the 
walls of these defects were generally found to be smooth and 
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even, while in the cases in which reattachment had taken place, 
the dentin surface was usually irregular, either because of 
mechanical damage or because of osteoclastic action." After 
approximately two weeks a suggestion of cementogenesis was pres-
ent, and after 95 days the cementum layer was thick enough to 
correct irregularities in the dentin. The author stated that in 
a similar experimental condition in which the flap operation was 
performed, a better healing resulted than in the gingivectomy. 
In 1967, Grant(72) demonstrated in humans sequestration 
of the alveolar bone following periodontal surgery. On hopeless 
teeth, full flap was raised, alveolectomy was done, and the soft 
tissue was replaced apically, leaving 1 to 2 mm of bone exposed. 
The wound was protected by a pack and telfa, or pack only. The 
histologic sections showed that sequestration could occur even 
months after the operation. This necrotic bone can be expelled, 
resorbed, or encapsulated by fiber bundles of connective tissue. 
The patient or dentist might or might not be aware of it. 
Klingsberg and Butcher(7J) showed ~hat periodontal wounds 
can be produced and studied in rats. They produced three dif-
ferent wounds in the palate of these animals. The first one was 
a bone denudation, the second an exposure of connective tissue 
by peeling off the epithelium, and the third was a regular muco-
periosteum flap. Histologic sections were obtained at intervals 
of zero, four, and 24 hours, and at four, eight, and 28 days. 
The authors found that the periodontal healing of rats simulates 
that of larger animals. It is the opinion of the authors that 
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removal of the epithelium constituted as severe a perio-
dontal insult as removal of the entire mucoperiosteum." Accord-
ing to them, the connective tissue without an epithelium cover-
ing would permit the escape of tissue fluid and the entrance of 
noxious substances. 
Working in a different manner, Hiatt, Stallard, Butler 
and Badgett(84) investigated the healing of the mucoperiosteal 
flap. In addition to studying the regeneration of tissues, they 
measured the strength and evaluated the condition of the flap 
attachment. Flaps were raised on maxillary canines of dogs. 
Approximately g mm of alveolar bone were removed, the roots were 
plane~, and the flap was sutured back. Forces to separate the 
flap were measured by a tensiometer immediately before the ani-
mals were sacrificed. The results were studied histologically 
at two and three days, at one, two, and three weeks, and at one, 
four, and six months. They concluded that "The initial attach-
ment of the flap was through the epithelium and the fibrin did 
not appear to contribute significantly to the retention of the 
flap." No pockets or recession resulted from this experiment. 
When the applied forces separated the flaps, the split was al-
ways in the soft tissue, leaving the epithelial and connective 
cells on the root surface. It would appear that a large accumu-
lation of fibrin and complete elimination of cementum delays 
healing. 
• 
CHAPI'ER III 
MATERIALS AND METHODS 
Animals 
For this investigation the animal chosen was the dog. 
Due to its size, the condition for the surgical procedure and 
perfusion was more favorable. Despite some anatomic differences 
of the teeth, the periodontal apparatus is quite similar to that 
of humans. The existent similarity between the periodontal 
structure in dogs and humans makes it possible to use the same 
technique and instruments that are used on patients. 
The Gingivectomy and Periosteum Retention techniques, 
two open wounds as classified by Kramer and Kohn,(88) were util-
ized when performing the procedures on the right and left sides 
of the mouths of dogs. The lower incisors were selected for the 
gingivectomy. Periosteum Retention was followed on the lower 
premolar area, inasmuch as the gingival wall is broad, flat, and 
favorable for splitting the soft tissue. 
Although there appeared to be a mild inflammation in the 
marginal gingiva, no attempt was made to improve the condition. 
When calculus existed, it was removed shortly before surgery. 
Eight mongrel dogs, approximately two years old, weigh-
ing an average of 12 kilograms were anesthetized intravenously 
with 0.5 cc of pentobarbital sodium (Diabutal) for one kilogram 
of body weight. Kodachromes were taken before and after surgery, 
during healing, and at the time of sacrifice. So that the same 
tissue response could be obtained, a local anesthetic was 
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infiltrated in the same manner as it was in the case of humans. 
The arches were divided in the middle line, surgery being per-
formed on each side at a different time. 
The animals were sacrificed at zero hour, and at 2, 4, 
6, 7, 12, 16, 23, 31, 38, 55, and 85 days, from which sections 
were taken and studied histologically. The right side of the 
zero hour animals and the molars and canines of all the others, 
were used as control. According to a previous investigation(8l) 
surgical packs on dogs have no influence on the healing and 
therefore they were not applied in this work. Immediately after 
surgery and on the following day, 600,000 units of penicillin 
were given to the animals. The animals were kept in individual 
cages, in an appropriate room and were _fed daily, having water 
for consumption ad libitum. For the first three weeks after 
surgery the animals were fed a soft diet, later being returned 
to a hard diet in order to minimize the possibility of gingival 
inflammation.(85, 86 ) 
Surgical Techniques 
A gingivectomy was carried out on the buccal side of 
lower incisors. The sulcus of dog teeth was measured and marked 
externally by a GF #17 probe and were found to have an average 
depth of 2.5 mm. The initial incision was done with a GF #7 
knife apically to the marks and bevelled coronally to reach the 
bottom of the sulcus. The incision was completed and penetrated 
interproximally with a GF #11 knife. The excised tissue was 
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finally detached and removed with a GF #10 instrument. The final 
contour was achieved with the use of soft tissue nippers, special 
care being taken to accomplish a physiologic architecture.(77) 
Gracey instruments #5 and #6 were used to curette the area. The 
resultant wound remained in the attached gingiva. 
The Periosteum Retention technique was used in the area 
between the mesial of the second and the distal of the fourth 
lower premolars. A Bard Parker blade #15 was used to make the 
two initial vertical incisions, which extended to the alveolar 
mucosa. Using a fresh blade, the flap was split, leaving the 
periosteum and a layer of connective tissue on the bone. The 
horizontal incision removed part of the sulcus and gingiva, thus 
preserving the epithelial attachment and dentogingival junction. 
This incision was extended apically to the alveolar mucosa area, 
severing the muscles present but being careful to avoid any peri-
osteum fenestrations. The raised mucogingival flap was cut at 
the bottom of the wound with GF #15 scissors. If the remaining 
connective tissue on the bone was too thick it was thinned by 
means of nippers. As a result, a periosteum retention wound 
measuring approximately JO x 13 mm was obtained. No attempt was 
made to eliminate the sulcular depth, but an attempt was made to 
increase the band of the attached gingiva. 
Perfusion 
In order to make the perfusion the animals were anesthe-
tized as described previously. For proper breathing and to 
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maintain normal oxygenation during surgery, an endotracheal tube 
was kept in place. The areas of the carotids and jugulars on 
both sides were shaved and isolated by a surgical pad for the 
procedure (Fig. 2). An initial incision in the middle line of 
the neck, followed by the bilateral deflection of the skin, per-
mitted access to both of the common carotid arteries (Fig. 3). 
Passing through the carotid sheath, the artery was elevated and 
catheterized with Clay-Adams polyethylene cannula -- I.D. 0.55" 
x O.D. 0.75" (Fig. 4). A tri-way stop cock valve (Pharmaseal 
Corp. polyethylene disposable) was placed in the middle of the 
cannula (Fig. 5). It was then opened in the direction of the 
heart so that heparinized saline solution could be injected. 
As the tri-way valve was closed, it was possible to determine 
whether there was a normal flow of blood from the caudad to the 
cephalad ends. This heparinization was repeated frequently dur-
ing the entire preparation in order to prevent coagulation with-
in the vessels. Through the lateral openings, the external jug-
ular vein of each side was cannulated and heparinized to observe 
whether or not drainage was normal (Fig. 6). Usually, a drop of 
15 mm mercury occurs after anesthesia, and to guard against fur-
ther lowering of the blood pressure bleeding was reduced to a 
minimum. 
T~• perfusion was performed on both sides at the same 
time by this investigator and an assistant (Fig. 7). To prevent 
any influence of manual pressure, small amounts of solution, 
similar to the capacity of cannulas, were injected in the uirection 
• 
\ 
• I 
• 
• 
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of the heart. Due to free passage or the tri-way valve, the 
pumping of the heart allowed the solution to circulate at the 
intra-arterial pressure.(811) 
Patent blue V solution (3 cc) was injected initially. 
Approximately 20 seconds later, the oral tissues took on a blu-
ish color, which was an indication that circulation was nonnal 
(Fig. 8). 
Filtered Pelikan carbon black suspension (Gunther Wagner) 
was then infused, following the same principle as described above • 
In one or the animals microfilm was used to permit comparison 
later. The solution was allowed to circulate at the intra-
arterial pressure, and the injections were repeated until the 
oral soft tissues were dark and the solution drained from the 
cannulated jugular veins. 
Depending upon the size of the animals, an average of 
40 to 50 cc of solution were injected into each side. At the end 
or the perfusion the animals' respiration was shallow and the 
arterial flow was decreased. After this, all of the cannulas were 
clamped and the animals were sacrificed by injecting an overdose 
of pentobarbital. 
The entire procedure was completed in approximately two 
and one-half hours. 
Histologic Preparation 
The jaws were removed, blocks of incisors and premolar 
areas were cut with a bone saw, and water was used to soak the 
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blocks, thus preventing overheating. Each block was placed in 
a bottle large enough to hold a quantity of 10 percent buffered 
formalin at least twenty times greater than that of the speci-
mens. 
To ensure proper fixation, the blocks were kept for two 
weeks in the fixative. Five percent nitric acid was used for 
decalcification. The acid was changed daily, the tissues were 
washed and placed in porcelain swimming cups to prevent them 
from resting on the bottom of the jars. Generally, the time re-
quired ranged from three to five weeks. The blocks were embedded 
in paraffin and cut into sections g microns thick. The sections 
were stained by Hematoxylin-Eosin and Mallory techniques (Goldman-
Bloom modification). Some of the specimens were not decalcified 
so that they could be studied as clear sections (400 microns 
thick). 
Fig. 1. 
Fig. 2. 
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Material used: Pelikan ink, pentobarbital sodium, 
heparin, patent blue V, syringes, and tri-way 
stop cock valves 
I 
Neck of dog - shaved and isolated. Lines indicate 
position of incision, carotids, and jugulars 
Fig. 3. 
Fig. 4. 
Access to common carotid artery obtained by 
bilateral deflection 
Both arteries catheterized with Clay-Adams 
polyethylene cannula (I.D. 0 . 55" x O.D. 0.75") 
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Fig. 5. Tri-way stop cock valve placed in cannula at both 
sides 
Fig. 6. External jugular vein catheterized through lateral 
opening 
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Fig. 7. 
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Filtered carbon black solution injected on both sides 
simultaneously 
Patent blue V solution injected, indicating normal 
circulation -- side of tongue perfused first became 
blue after 20 seconds 
CHAPTER IV 
FINDIM1S 
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Gingivectomy 
Clinical 
A broad area of attached gingiva in the lower incisor 
region had no apparent inflammation, and was considered to be 
healthy. A great deal of melanin pigmentation, which was 
limited to the attached gingiva (Fig. 9) was present in most of 
the animals. In close examination of the many kodachromes 
which were taken, the tip of the sulcular gingiva appeared trans-
parent and the capillaries could be observed parallel to the 
long axes of the teeth. In this paper this finding will be re-
ferred to as sulcular parallel lines. The gingivectomy wounds 
varied in size in the individual animal. Among the various 
animals, therefore, the average size was felt to be 2 mm in the 
first and 3-1/2 mm in the second and third incisors. The in-
cision was started almost at the bottom of the attached gingiva 
' 
and was extended coronally to bevel the connective tissue. The 
buccal half of the papillae was removed (Fig. 10). Most of the 
bleeding came from the lingual half of the papillae. 
In the two- and four-day specimens the apical margin of 
the wound was rolled slightly. It was shiny, and the entire 
surface of the incision was smooth and pink, with isolated red-
dish spots, suggesting that healing was progressing unevent-
fully (Figs. 11 and 12). 
At five days a thin epithelium covered part of the _wound, 
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leaving small portions in the centre area still uncovered. At 
seven days the wound was completely covered, but small reddish 
areas were noticed which corresponded to the portions that were 
uncovered at five days. There was a difference in color between 
the wound at five and at seven days, indicating that possibly 
the epithelium was thicker (Fig. 13). 
In some animals, the papillar area was still necrotic, 
shiny, and red, inasmuch as it was not completely protected by 
epithelium. At 14 days there was a more favorable appearance, 
with the sulcus being almost completely formed. 
The three-week specimens showed some of the sulcular 
parallel lines {capillaries) which were present prior to surgery. 
Healing continued until the clinical appearance was one of nor-
malcy. 
In approximately 40 days, melanin pigmentation could be 
observed. Apparently this resulted from the pigmentation areas 
surrounding the apical margins of the wound. The 49-day animal 
showed the condition of the pigmentation to be similar to the 
condition prior to surgery {Fig. 14). Complete return of pig-
mentation was observed in the animal after 83 days of healing. 
As was explained previously, each animal was perfused 
shortly before it was sacrificed. After the perfusion, the gin-
givae of the control side turned completely dark. 
Although the wound of the gingivectomy was well perfused, 
the carbon black did not reach the red and necrotic areas, sug-
gesting obstruction of some vessels. This could be observed 
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particularly well in the perfused two-day animal (Fig. 15). At 
seven days the necrotic areas were still present, although to a 
leaser degree, and they were not well perfused. 
The 31-day healing showed the aulcular parallel lines 
as they existed before surgery. Now, however, they were darkened 
by the carbon black. As healing progressed, these dark lines 
were more readily observed (Fig. 16). 
Histological 
Control.- The marginal gingiva had dense connective tis-
sue well collagenated and covered by a thick squamous stratified 
oral epithelium. The rete pegs were well formed and were homo-
geneous in shape. Complete keratinization was present to a point 
where it formed the sulcular epithelium. From this point on it 
was not keratinized but was formed by squamous cells arranged in 
layers and consisting of 5 tq 7 at the bottom and 10 to 12 at 
the marginal area. An incipient inflammation was present at the 
tip of the sulcular area. 
The vessels which had been perfused with carbon black 
appeared as large black spots scattered in the corium. The 
smallest dark dots (capillaries) were present in greater number, 
and were located between rete pegs, at the tip of the margin, and 
parallel to the sulcular epithelium. 
Zero Hour.- The surface of the wound showed connective 
tissue covered by a blood clot. When the incision was made the 
bottom of the epithelial attachment was preserved. However, this 
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cannot be depended upon since, in some specimens, the epithelial 
attachment was removed in its entirety and nicks on the dentin 
were observed. 
Inasmuch as we were dealing with vessels which had been 
cut, the perfused material could not remain within the vessels. 
It was observed on the blood clot of some of the specimens 
(Fig. 17). 
The connective tissue was dense and well collagenated, 
and had an irregular surface caused by the incision. The area 
was well vascularized, as shown by the dark spots caused by the 
perfused material (Fig. 18). A slight hemorrhage was present in 
some areas of the cut surface where the perfused vessels were 
close to the hemorrhagic areas (Fig. 19). Large vessels could be 
identified in a parallel position to the root and to the cut sur-
face (Fig. 20). 
Two days.- This specimen showed a thick clot covering 
the entire wound (Fig. 21). It is interesting to note that the 
blood clot is instrumental in correcting the irregularities of 
the connective tissue which had been cut and bringing about an 
outer smooth surface. Precisely from the cementum enamel junc-
tion (CEJ) at which the incision was made, the blood clot is in-
strumental in forming an outline of the new sulcus (Fig. 22). 
In general, the connective tissue was dense, quite cel-
lular, but there was not as much inflammation. Many dilated ves-
sels containing carbon black could be seen in this area (Fig. 
23). In some areas the connective tissue close to the blood 
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clot was disorganized (Fig. 24). It cannot be determined whether 
there is a slight epithelial migration at the apical margin of 
the wound or whether this is an impression brought about by the 
bevelled cut surface underneath the blood clot (Fig. 25). Some 
blood vessels which had been perfused with carbon black were 
leaking and the solution was flowing in the direction of the blood 
clot (Fig. 26). In some places it was possible to see the cut 
ends of the vessels in direct contact with the blood clot (Figs. 
27 & 28). The perfused carbon black flowed from the vessels and 
remained either between the connective tissue and the blood clot 
(Figs. 28 & 29) or on the clot surface itself (Fig. JO). 
Six days.- This specimen was almost epithelized but some 
inflammation caused by debris was noticeable. The epithelium which 
proliferated from the oral and sulcular epithelium had not yet 
joined and there remained a small blood clot between them. The 
area underneath the sulcular and the oral epithelium was disorgan-
ized and inflamed; the blood vessels were dilated and contained 
carbon black. 
The epithelium has no rete pegs, it was not keratinized, 
and its basal layer shows oval cells rather than the normal colum-
nar cells (Fig. 35). 
On the surface of the blood clot and on the epithelium 
close to it the presence of a dark line suggests that some carbon 
black could be flowing from a leaking vessel. An area of bone 
resorption and the presence of osteoclasts could be observed at 
the buccal side near the crest (Figs. 36 & 37). 
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Seven days.- Although the wound surface is now completely 
epithelized and the sulcue is being formed, the sulcular epithe-
lium has not as yet reached the tooth (Fig. 38). The new connec-
tive tissue is quite vascular, with the vessels having a large 
quantity of carbon black. 
In Figure 39 it is possible to see the new oral epithelium 
without any keratin and rete pegs. The connective tissue close to 
the epithelium contained a large number of meeenchimal cells and 
many fibroblasts. New vessels have been formed, most of which 
contain carbon black. The mesenchimal cells can be seen in more 
detail when a higher degree of magnification is used (Fig. 40). 
Twelve days.- At this period the oral epithelium is 
thicker than in earlier specimens, but the rete pegs are still 
absent. It does not, however, have the appearance of the epithe-
lium of a true attached gingiva. The connective tissue is more 
organized and not so inflammed, but it is quite vascular, particu-
larly at the margin (Fig. 41). 
When nicks were made unintentionally, the sulcular epithe-
lium migrated to cover the nick closest to the cementum enamel 
j unction (Fig. 42). There was bone resorption at the bucca1 side, 
but it was closer to the crest than it was in the seven-day speci-
men. 
Sixteen days.- The area is healed and no inflammatory 
reaction is present. The oral epithelium is keratinized and has 
rete pegs, suggesting the formation of a true attached gingiva. 
The sulcular epithelium is well formed and did not migrate beyond 
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the cementum enamel junction (Fig. 43). Connective tissue is well 
organized and there has been a decrease in the number of vessels. 
Flat epithelial cells desquamated from the sulcular epi-
thelium to form the cuticle. One group of vessels could be ob-
served running parallel to the sulcular epithelium and proceeding 
to the tip of the margin. Another group was observed between the 
rete pegs (Fig. 44). At this stage there is a resorption of the 
alveolar crest, where osteoclasts still exist. 
Twenty-three days.- The marginal gingiva is entirely 
healed, well collagenated, and covered by squamous stratified 
keratinized epithelium with rete pegs. The sulcular epithelium 
is normal and retains its position on the enamel. When nicks were 
made inadvertently, the epithelium could or could not proliferate 
into them. 
In sections where more than one notch was present, con-
nective tissue filled the more apical nicks. It is possible to 
see two notches into which connective tissue has grown but is not 
so well attached to the hard structure. New blood vessels, de-
spite their not being perfused with carbon black, can be seen in 
the notches. The presence of heavy bundles of connective tissue 
fibers, attached to the border of the nicks, and the insertion of 
new fibers, suggest that the connective tissue prevented the mi-
gration of sulcular epithelium (Fig. 45). The crest of bone 
which had been reso~bed is being reformed, as indicated by the 
alignment of osteoblasts (Fig. 46). 
BJ 
Thirty-one days.- At this period there is an increase 
in vascularization, as well as inflammatory reaction. A sub-
sulcular vasodilated vessel, running parallel to the epithelium, 
is clearly discernible as the result of the presence of carbon 
black (Fig. 47). 
Surprisingly, there was a great deal of resorption at 
the alveolar crest and at the periodontal ligament side (Fig. 
48). The excessive bone resorption and widening of the periodon-
tal ligament could be due to traumatism caused by the animal bit-
ing the cage bars. 
Thirty-eight days.- The gingivectomy area is completely 
healed, with the gingival margin being returned to its normal 
shape. 
pegs. 
The oral epithelium is well keratinized and contains rete 
The dentogingival junction is normal and the sulcular epi-
thelium remains at the cementum enamel junction. Some of the 
vessels which are parallel to this epithelium are seen to .have 
plenty of carbon black (Fig. 49). The crest of the bone is al-
most completely repaired. 
Fifty-five days.- The appearance of the area is quite 
normal, with the epithelial attachment remaining at the cementum 
enamel junction. No inflammation could be observed in the sub-
sulcular area~ and there is a slight increase in vascularization. 
The epithelium is normal and the cells which have been flattened 
against the enamel form the cuticle that is loose in the enamel 
space, thus identifying the bottom of the sulcus (Fig. 50). Bone 
again takes on its normal shape, suggesting that it is completely 
repaired. 
Fig. 9. Control animal - lower incisors - melanin pig-
mentation in attached gingiva 
Fig. 10. Wound immediately after gingivectomy 
Fig. 11. 
Fig. 12. 
Wound two days after gingivectomy -- covered by 
blood clot 
Wound four days after gingivectomy - reddish 
areas suggest presence of granulation tissue 
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Fig. lJ. Wound seven days after gingivectomy -- wound 
epithelized but has some reddish areas 
(thin epithelium) 
Fig. 14. Wound 49 days after gingivectomy -- large part 
of area had melanin pigmentation progressing 
from margins of wound 
86 
Fig. 15. 
Fig. 16. 
Perfusion: two days after gingivectomy. Carbon 
black did not reach some areas, possibly due to 
obstruction within vessels 
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Perfusion: Jl days after gingivectomy -- sulcular 
parallel lines easily observed 
88 
Fig. 17. Immediately after gingivectomy: perfused material 
within vessels and on blood clot -- Mallory lOOX 
~ig . 18. Immediately after gingi vectomy: vascularization 
of attached gingiva well demonstrated by carbon 
black -- H-E J5X 
Fig. 19. 
Fig. 20. 
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Immediately after gingivectomy: Higher magnifica-
tion of Figure 18 -- vessels close to wound surface 
where there is hemorrhage and perfused material --
H-E lOOX 
Immediately after gingivectomy: Labelled vessels 
extending parallel to tooth and wound surface, 
within well collagenated area -- Mallory 35X 
ig. 21. Two days after gingivectomy: thick blood clot 
covering entire wound -- Mallory 35X 
Two days after gingivectomy: Blood clot instru-
mental in bringing about outline of new sulcus 
and of external surface of gingiva -- H-E J5X 
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Fig. 23. Two days af'ter gingivectomy: Blood clot on wound 
surface -- carbon black labelled dilated vessels 
-- H-E lOOX 
ig. 24. Two days after gingivectomy: Blood clot covering 
disorganized connective tissue -- H-E 430X 
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Fig. 25. 
Fig. 26. 
Two days after gingivectomy: Apical margin .of 
wound epithelium underneath clot -- Mallory 
lOOX 
Two days after gingivectomy: Carbon black leak-
ing from vessel and flowing in direction of blood 
clot -- H-E 4JOX 
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~ig. 27. 
ig. 28. 
Two days after gingivectomy: Cut end of vessels 
in direct contact with blood clot -- Mallory 430X 
93 
Two days after gingivectomy: Carbon black flowing 
from blood vessel and remaining between connective 
tissue and blood clot -- Mallory 430X 
Fig. 29. 
]g . JO. 
Two days after gingivectomy: Perfused material 
between blood clot and connective tissue --
Mallory lOOX 
Two days after gingivectomy: Presence of carbon 
black on blood clot surface suggests it could be 
permeable -- H-E lOOX 
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Fig. 31. Four days after gingivectomy. Blood clot thin-
ner in two-day animal. Increase in vasculariza-
tion demonstrated by carbon black -- H-E 35X 
ig. 32. Four days after gingivectomy -- some vessels still 
leaking -- H-E lOOX 
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Fig. 33. Four days after gingivectomy 
proliferates underneath clot 
oral epithelium 
Mallory lOOX 
"ig. 34. Four days after gingivectomy: sulcular epithelium 
not completely removed was another source of epi-
thelium -- epithelium proliferated underneath clot 
Mallory lOOX 
Fig. 3 5. 
Fig. 36. 
Six days after gingivectomy: new oral epithelium 
not keratinized -- no rete pegs. Cells of basal 
layer oval rather than columnar -- H-E 4JOX 
Six days after gingivectomy: Osteoclastic activ-
ity on buccal side near crest of bone -- H-E 35X 
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Fig. 37. 
li'ig. 38. 
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Six days after gingivectomy: Higher magnification 
of Figure 36. Osteoclasts in Howship lacunae --
H-E lOOX 
Seven days after gingivectomy: 
epithelium about to reach tooth 
sulcus formed --
Mallory lOOX 
Fig. 39. 
Fig. 40. 
Seven days after gingivectomy: new oral epithe-
liwn not keratinized -- no rete pegs. Young con-
nective tissue has new vessels containing carbon 
black -- H-E lOOX 
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Seven days after gingivectomy: Higher magnifica-
tion of Figure 39 . Mesenchymal cells in young 
connective tissue . Blood vessels containing carbon 
black -- H-E 4JOX 
Fig. 41. 
Fig. 42. 
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12 days after gingivectomy: young connective tis-
sue quite vascular. Vessels labelled by carbon 
black -- H-E 430X 
12 days after gingivectomy: Three nicks made in-
advertently. Epithelium migrated and covered the 
two coronal nicks -- Mallory lOOX 
Fig. 43. 
Fig . 44. 
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16 days after gingivectomy: gingival margin healed . 
Connective tissue better organized -- epithelium 
keratinized -- no rete pegs -- Mallory 35X 
16 days after gingivectomy: Higher magnification 
of Figure 43 -- vascularization diminished, carbon 
black within vessels of subsulcular area and be-
tween rete pegs. Desquamated cells forming new 
cuticle. Epithelial attachment remains at CEJ --
Mallory lOOX 
Fig . 45. 
Fig . 46 . 
23 days after gingivectomy: Nicks located more 
apically filled by connective tissue rather than 
by epithelium -- Mallory 430 X 
23 days after gingivectomy : crest of bone being 
rebuilt -- H-E lOOX 
102 
Fig. 4 7. 
Fig. 48. 
31 days after gingivectomy: carbon black within 
vasodilated vessel in subsulcular area -- H-E 
lOOX 
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31 days after gingivectomy: Bone resorbed at perio-
dontal ligament side . Possibly not consequence of 
gingivectomy -- H-E lOOX 
Fig. 49. 
Fig. 50. 
38 days af'ter gingivectomy: carbon black labels 
subsulcular vessels -- area completely healed. 
Epithelial attachment remains at CEJ -- Mallory 
35X 
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55 days af'ter gingivectomy: new sulcular area nor-
mal -- new cuticle formed; loose in enamel space. 
Few vessels labelled by carbon black -- Mallory 100 
X 
Eighty-five days.-
that of the 55-day animal. 
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There was no significant changes from 
Although an incipient inflammatory re-
action could be observed, the epithelial attachment is still at 
the cementum enamel junction, similar to the control specimens. 
Periosteum Retention 
Clinical 
The area used for the periosteum retention technique was 
comprised of the second, third, and fourth mandibular premolars. 
The gingiva was considered either clinically healthy (Fig. 51) or 
mildly inflamed {Fig. 53). In some of the animals calculus was 
present and scaling was done shortly before surgery (Fig. 54). 
The attached gingiva was broad, its width having increased from 
the second to the fourth premolars. The majority of the animals 
had an intense pigmentation on the attached gingiva, in addition 
to some pigmented spots on the alveolar mucosa. There was a very 
high and heavy muscular insertion on the first and second pre-
molar areas. 
The demarcation between the attached gingiva and the 
alveolar mucosa was clearly shown by a well-delineated mucogin-
gival line. The surgical wound had distinct and straight mar-
gins mesially to the second and distally to the fourth premolar. 
At the bottom there is a horizontal margin which .joins both. 
The gingiva was extended apically in order to obtain a wound, the 
width of which averaged two and one-half times the size of ~he 
attached gingiva. The thickness of the remaining connective 
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tissue was greater in the attached gingiva area than in the alve-
olar mucosa, showing a demarcation similar to the former muco-
gingival line. The dentogingival junction remained intact, the 
muscles at the bottom of the wound were severed in a manner to 
avoid any bone exposure (Fig. 52). 
At 36 hours the wound was covered by a reddish, shiny 
tissue, and the margins were inflammed (Fig. 55) .. Although the 
two-day healing in one of the animals gave the false appearance 
of a transparent, thin epithelial coverage, histologically only 
a large, thick, homogenous blood clot was found. The margins of 
the wound, primarily the horizontal one, were rolled and were 
slightly red and shiny. Even at this early stage, it _was possi-
ble to observe that the wound had diminished by a coronal migra-
tion of the inferior margin (Fig. 56). 
At four days, the wound was predominantly red, suggest-
ing the formation of granulation tissue (Fig. 57). 
Seven days after surgery, the rolled margin had dimin-
ished but it was located more coronally. It was quite obvious 
that at the second premolar, where strong muscles were attached, 
the margins migrated coronally faster than in the other premolars. 
At this time, most of the animals showed a granulation tissue 
with variations in color and sheen, varying from an intense to 
a light red (Fig. 5g). The granulation tissue wa.s covered by an 
apparently thin epithelium. In one of the animals, sparse pig-
mentation was progressing interproximally from the pigmented area 
in the lingual side. After 14 days of healing the band of the 
107 
attached gingiva of the second and third premolars was approxi-
mately the same as it was prior to surgery. Although the epithe-
liuzn seems to be thicker at this time, the region of the incision 
is still well marked. As healing progressed the wound became less 
red and shiny. The horizontal incision was still rolled, mainly 
where muscles were present. The vertical incision line remained 
visible. Healing was delayed in the animal in which there had 
been moderate inflammation before surgery. 
At 31 days the attached gingiva appeared to be normal, but 
the sulcular area had not yet achieved its regular form. 
Complete healing, with sulcus formation and absence of 
rolled margins, was apparent in the 55-day animal. Pigmentation 
was progressing from the marginal pigmented areas (interproximal 
and vertical incisions), but it was still sparse. In Figures 59 
and 60, taken of the same animal, is shown the gingiva before sur-
gery and the amount of pigmentation which had returned after 55 
days. Even at 83 days the pigmentation had not returned completely. 
The mucogingival line seems to be back to its previous position. 
Shortly before every sacrifice a perfusion was performed. 
The wound area at zero hour and at the 2-day specimen showed dark 
tissue; however, some spots were still red, suggesting that ob-
struction had impeded the passage of carbon black (Fig. 61). The 
animals which had well-formed granulation tissue (seven days) 
demonstrated a completely perfused and dark wound (Fig. 62). As 
healing progressed, the color of the perfused gingival wall varied 
according to the degree of granulation tissue, keratinization, 
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and pigmentation (Fig. 63). 
istolo ical 
Control.- The oral stF.atified squamous epithelium is well 
eratinized, with a great number of thick and long rete pegs. The 
epth of the sulcus varies considerably, depending upon from where 
he sections were taken. Some of the animals had a long sulcular 
pithelium with cellular desquamation, and the bottom of the epi-
helial attachment was at the cementum enamel junction. The sub-
ulcular area was mildly inflamed .and the perfusion showed an in-
crease in vascularization. In this area (Fig. 64) Group I fibers 
to be partially disorganized. 
The fibers which comprise Group III are very heavy, extend-
ing from the dentogingival junction to the buccal side in a distinct 
The fibers follow the same pat~ern as does the periosteum. 
large vessel also seems to follow this pathway, coming from the 
ucobuccal fold to the dentogingival junction, where many small 
perfused vessels are spread throughout the corium (Fig. 65). 
In the lamina propria there is little vascularization and 
hin bundles of fibers follow the design of the rete pegs. The 
uccal bone plate has a smooth surface surrounded on the outer side 
ya well-delineated periosteum and on the inner side by an organ-
'zed periodontal ligament (Fig. 65). In the corium, one of the 
actions shows the cut end of circular fibers in a vascularized 
rea, in which a large vessel containing a generous quantity of 
carbon black is observed (Fig. 66). 
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Zero Hour.- An overall picture shows an undisturbed epi-
thelial attachment, the split corium at the dentogingival junction, 
and a thin layer of connective tissue on the periosteum, extending 
beyond the mucobuccal fold. As was intended in this investigation, 
the buccal bone and periodontal ligament were not exposed when the 
split thickness flap was removed (Fig. 67). Another animal, also 
sacrificed immediately after surgery, had the same type of wound. 
The incision was made close. to the bottom of the sulcus, leaving 
all of the epithelial attachment and removing the outer part of the 
tissues which form the dentogingival junction (Fig. 68). A thin 
blood clot presently covers the periosteum (Fig. 69), and one of 
the vessels which remains close to the periosteum, is well demon-
strated by the presence of the material perfused (Fig. 70). 
Two days.- The enormous increase in the number of vessels, 
and the vasodilation are the main points observed at this stage. 
Carbon black labels most of the vessels present (Fig. 71). In the 
periodontal ligament near the bone crest, vasodilated vessels can 
be seen (Fig. 72). From the sulcular epithelium which, intention-
ally, was not removed, a proliferation can be seen as it begins to 
cover the marginal area of the wound (Fig. 73). With a higher de-
gree of magnification, the new epithelial cells progress over the 
fibers. These cells appear to be embryonal in nature and are 
round in shape, having clear cytoplasm (Fig. 74). Bone is not 
undergoing resorption and is covered by a thin, disorganized con-
nective tissue, with plenty of labeled blood vessels. A thick and 
irregular blood clot covers all of the wound {Fig. 75). 
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surprisingly, there is little inf'lammation in this specimen. 
Four days.- A thick, large blood clot fills the irregu-
larities of the incision and gives a semblance of the shape of the 
gingiva prior to surgery. Bone is resorbed and there is evidence 
of recently-formed bone at the crest which, perhaps, occurred be-
fore the surgery. No alterations seem to be present either on the 
buccal or the periodontal ligament side of the bone (Fig. 76). 
With higher magnification, the blood clot is seen outlining the new 
of the sulcus and gingiva as it covers the connective tissue, 
still has many labeled blood vessels and neutrophilic inf'il-
tration. There is less vasodilation in comparison to the 2-day 
specimen. As will be seen in Figure 77, no osteoclastic activity 
be identified. 
In some areas there was carbon black on the surface of the 
clot, suggesting the presence of leaking vessels (Fig. 78). 
In this specimen the epithelial proliferation could not be observed 
as clearly as it could at 2 days. The apical margin of the wound 
moved coronally, thus diminishing the size of the wound area. 
Six days.- The sulcular epithelium is reestablished and 
prolif·erated to form the oral epithelium which covers more than one-
third of the wound. The epithelium is extremely thin at the sulcus 
~d remains at the cementum enamel junction. Rounded and thicker 
pegs are shown in this newly-formed oral epithelium. As the 
epithelium becomes thinner, they diminish in size and shape. 
At the same time, the buccal side of the bone is undergoing re~orp-
tion (Fig. 79). At this stage in the healing, keratinization is 
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not present in the oral epithelium; the lamina propria is comprised 
of young and very cellular connective tissue; and a large number 0£ 
vessels in this area are labeled by means 0£ carbon black (Fig. 80). 
The area which was not epithelized has a blood clot covering the 
budding capillaries. There is an ample supply 0£ per£used material 
within the vessels (Fig. 81). The heavy cortical buccal bone plate 
is undergoing £rontal resorption, as is suggested by the osteo-
clasts in the Howship lacunae (Fig. 82). Mild inf'lammation persists 
at this time. 
Seven days.- The wound is completely epithelized, the epi-
thelial attachment being at the cementum enamel junction. The crest 
bone is at its original level, resorption being present only 
buccal side (Fig. 83). The epitheliwn is thin and regular at 
the sulcular area, but it has irregular rete pegs on the oral side. 
Where Groups I and III £ibers are well delineated, the marginal gin-
giva has a dense connective tissue. There is a decrease in the num-
ber 0£ blood vessels, which vessels are evidenced by the per£used 
material. The resorption present does not a££ect the tip 0£ the 
bone crest or the periodontal ligament side (Fig. 84) • More api-
cally, the rete pegs diminish, the epithelium is thinner, the con-
nective tissue is younger and less vascularized, but the bone re-
sorption increases (Figs. 85 &. 86). 
At the mucobuccal £old area it is interesting to note a 
band 0£ new connective tissue that extends £ar below and identi£ies 
the area where the incision was made. The largest degree 0£ osteo-
clastic activity was prevalent at the more apical area 0£ the 
ll2 
incision, due probably to a smaller amount of connective tissue 
remaining after surgery (Fig. 87). In comparison with the 4- and 
specimens, there is less inflammatory infiltrate at this 
Twelve days.- The shape of the area and the thickness of 
connective tissue are almost reestablished. There is a com-
reepithelization of the wound, with a partial formation of 
sulcus. The crest of the bone seems to remain at the same 
(Fig. 88). The sulcular epithelium is thicker than in the 
former specimen, but there is no proliferation and it remains at 
the cementum enamel junction. The oral epithelium is parakeratotic 
and the rete pegs are not distinctly formed. The connective tis-
shows many young cells, and the heavy bundles of Groups I and 
predominate in the entire area. This specimen presents a very 
subsulcular inflammation (Fig. 89). 
All of the corium, dentogingival junction, and subepithe-
area present connective tissue which is much more vascular-
More carbon black could be seen in this specimen than was 
observed in the control specimen. It is interesting to note that 
the crest of the bone has bone apposition on the buccal side and, 
surprisingly, resorption on the periodontal ligament side (Fig. 90). 
In comparison with the 7-day animal, the new connective 
tissue is more mature and has many more thin collagen fibers, al-
though it still is quite cellular and has many label vessels (Fig. 
With a higher magnification, the resorption is manifested by 
the large number of osteoclasts in Howship lacunae. Also, in this 
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area the periodontal ligament is well organized and there are 
plenty of blood vessels which contain carbon black (Fig. 92). 
The buccal bone is being rebuilt, as suggested by the lining of 
os.teoblasts on the surface and in the marrow spaces ( Fig. 93). 
Sixteen days.- The proliferation of epithelium at the 
tip of the margin probably is a consequence of the intense in-
flammatory infiltrate in this specimen. The position of the muco-
buccal fold is the chief centre of attention in this specimen. It 
is possible to note young connective tissue extending far beyond 
the mucobuccal fold (Fig. 94). 
The appearance of the connective tissue is similar to that 
of the control specimen. It is very dense, well collagenated, and 
has a heavy periosteal and Group III fibers. Vascularization is 
decreasing, even at the subepithelial area. The oral epithelium 
is parakeratotic, and has rete pegs which are not of the usual 
Although the buccal cortical bone had been resorbed, the 
loss was in the thickness only, but at this stage it was partially 
repaired (Fig. 9 5) • 
Twenty-three days.- The inflammation persists and there 
long, thin, and irregular rete pegs with some labeled vessels 
in between (Fig. 96). The buccal cortical side, which had been 
resorbed, was not completely rebuilt, and isolated osteoclasts 
could be identified. Apparently the height of this buccal plate 
not affected, and heavy bundles of the periosteal and Group 
III fibers cover this area (Fig. 97). 
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Thirty-one days.- As a consequence ~f the coronal migra-
tion of the mucobuccal fold, the gingival wall is short. Inflam-
matory infiltrate and dilated vessels are present in the marginal 
area. Inasmuch as the connective tissue is very dense, the fibers 
in direct relation to the basal membrane are clearly discernible. 
The rete pegs are still missing in the oral epithelium which, by 
now, has been keratinized. The perfusion indicates that the num-
ber of vessels has diminished (Fig. 98). In some areas, the bone 
had not been entirely repaired, and a few osteoclasts could be ob-
served (Fig. 99). 
'Thirty-eight days.- No flagrant difference exists between 
and the 31-day specimen. The only distinct improvement ob-
served was in the rebuilding of the buccal cortical bone (Fig. 
Fifty-five days.- The thickness of the bone was reestab-
lished, the irregularities were filled in, and a smooth surface 
resulted (Fig. 101). Higher magnification shows the new bone to 
be covered by a regenerated, dense connective tissue (Fig. 102). 
The epithelium is keratinized but it has no rete pegs. The ab-
sence, or the irregular shape of them, has been a characteristic 
of this new epithelium (Fig. 103). Connective tissue fibers ·run-
ning perpendicular to the epithelium join the basal membrane. 
Following the pathway of the fibers, some of the blood vessels 
(as was demonstrated by the presence of carbon black) reached a 
where they were in close proximity to the epithelium (Fig. 
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Eighty-five days.- The absence of well-formed rete pegs 
to be the flagrant difference between this 85-day healing 
and the control specimens. As a rough comparison, the rete pegs 
on the lingual side (where no surgery was performed) were normal 
in shape, whereas on the buccal side (the area of surgery) they 
were irr~gular and unusual in shape. Both sides can be observed 
Figure 105. 
The sulcular epithelium remains at the cementum enamel 
junction and manifests some projections related to a marginal in-
flammatory reaction. The shape, thickness, and quality of con-
nective tissue would appear to be normal, but the number of ves-
sels is still greater than in the control specimen. This would 
suggest that possibly some regenerating action is taking place. 
The vessels which had been damaged during surgery appeared to be 
reestablished. 
Apparently there was no definitive bone loss on the buccal, 
crestal, or periodontal ligament side of the buccal bone plate 
(Figure 105). 
Fig. 51. 
1ig. 52. 
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Before periosteum retention technique (PRT) -- man-
dibular premolars 
Wound immediately after PRT -- two and one-half' times 
the length of attached gingiva. Attached gingiva 
split -- epithelial attachment and part of connective 
tissue preserved -- bone not exposed 
Fig. 53. 
Fig. 54. 
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Before PRT -- inflammation and calculus observed in 
few specimens 
Before PRT -- teeth scaled shortly before surgery 
Fig. 55. 
Fig . 56. 
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Wound 36 hours after PRT: Reddish and shiny tissue 
(blood clot) covers wound 
Wound two days after PRT: blood clot on surface of 
apical margin of wound migrated coronally 
Fig. 57. 
Fig. 58. 
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Wound four days after PRT: red color suggests forma-
tion of granulation tissue underneath clot 
Wound seven days after PRT: granulation tissue 
covered by thin epithelium 
Fig. 59. 
Fig. 60. 
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Before PRT: Melanin pigmentation in normal attached 
gingiva 
Wound 55 days after PRT: same animal as in Figure 
59. Melanin pigmentation progressed from pigmented 
area of wound margins (interproximal and vertical 
incisions) 
Fig. 61. 
Fig. 62. 
121 
Perfusion: two days after PRT -- reddish areas sug-
gest obstruction within vessels impeded passage of 
carbon black 
Perfusion: seven days after PRT -- vessels of granu-
lation tissue reached by perfused material -- entire 
wound dark. Beginning of formation of sulcular paral-
lel lines observed at this stage of healing 
Fig . 63. 
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Perfusion: 55 days after PRT -- as healing progresses, 
color of perfused gingiva becomes less intense -- sulcu-
lar parallel lines observed 
Control specimen for PRT -- mild subsulcular inflam-
mation. Epithelium at CEJ -- Mallory 35X 
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Fig. 65. 
Fig. 66 . 
Control specimen for PRT -- large vessel follows path-
way of Group III fibers -- small branches in dento-
gingival area -- Mallory 35X 
Control specimen for PRT -- large vessel of subsul-
cular area containing carbon black -- H-E lOOX 
Fig. 67. 
Fig. 68. 
Immediately after PRT: overall picture -- split 
gingiva two and one-half' times length of attached 
gingiva -- H-E JX 
Immediately after PRT: epithelial attachment and 
dentogingival junction preserved -- Mallory 35X 
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Fig. 70. 
Immediately after PRT: buccal bone plate covered 
by periosteum and thin blood clot -- Mallory lOOX 
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Immediately after PRT: carbon black labels vessels 
close to periosteum -- bone not exposed -- H-E lOOX 
Fig. 71. 
Fig. 72. 
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Two days after PRT: Carbon black demonstrated vaso-
dilation and increased vascularization. Thin blood 
clot covers wound -- H-E 35X 
Two days after PRT: Dilated vessels in periodontal 
ligament -- H-E lOOX 
Fig. 73. 
Fig. 74. 
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Two days after PRT: Higher magnification of Figure 
71. Increase in vascularization in marginal area 
labelled by carbon black -- epithelium proliferat-
ing from epithelial attachment -- H-E lOOX 
Two days after PRT: Higher magnification of Figure 
73 . New proliferating epithelial cells look embry-
onal -- round with clear cytoplasm -- H-E 430X 
Fig. 75. 
Fig. 76. 
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Two days after PRT: Blood clot thicker near muco-
buccal fold; bone normal. Carbon black observed 
within vessels -- H-E lOOX 
Four days after PRT: Thick blood clot outlines ex-
ternal surface of gingiva -- Mallory 4X 
Fig. 77. 
Fig. 78. 
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Four days after PRT: Thick blood clot fills irregu-
larities of cormective tissue -- outlines new sulcus 
and gingiva. Less vasodilat ion than in two-day 
specimen -- H-E lOOX 
• 
• 
Four days after PRT: Carbon black on surface of 
blood clot suggests permeability and existence of 
leaking vessels -- H-E lOOX 
Fig . 79. 
Fig . 80 . 
Six days after PRT: overall picture - - marginal 
third of wound epithelized; bone undergoing re-
sorption - - H- E JX 
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Six days after PRT: 
ding capillaries 
tion -- H- E lOOX 
Carbon black labels many bud-
semblance of rete pegs forma-
Fig. Sl. 
Fig. S2. 
Six days after PRT: Blood clot and labelled bud-
ding capillaries in area not epithelized --
Mallory lOOX 
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Six days after PRT: Osteoclastic activity on buc-
cal bone plate -- H-E lOOX 
Fig. 83. 
Fig. 84. 
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Seven days after PRT: Area completely epithelized; 
bone undergoing resorption -- Mallory 2X 
Seven days after PRT: Carbon black labels re-
established vessel following Group III fibers --
Mallory 35X 
Fig. 85. 
Fig. 86. 
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Seven days after PRT: Young connective tissue with 
labelled vessels covered by thin epithelium --
Mallory lOOX 
Seven days after PRT: Epithelium not keratinized 
-- no rete pegs. Cortical bone undergoing resorp-
tion -- Mallory 35X 
Fig. 87. 
Fig. 88. 
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Seven days after PRT: young connective tissue shows 
incision extended beyond mucobuccal fold. Intense 
osteoclastic activity occurs in this area -- Mallory 
35X 
12 days after PRT: Complete epithelization of wound 
and partial formation of new sulcus -- H-E JX 
Fig. 89. 
Fig. 90. 
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12 days after PRT: Epithelial attachment remained at 
CEJ -- rete pegs not formed; labelled vessels close 
to epithelium -- Mallory 35X 
12 days after PRT: Large number of vessels labelled 
by carbon black. Mild subsulcular inflammation --
H-E 35X 
Fig. 91. 
Fig. 92. 
136 
12 days after PRT: Connective tissue more collage-
nated -- still quite cellular. Vascularization in-
crease observed in lamina propria -- H-E lOOX 
12 days after PRT: Higher magnification of Figure 
90. Surprisingly osteoclastic activity in periodon-
tal ligament possibly not related to surgery. Large 
vessel in periodontal ligament containing carbon 
black -- H-E lOOX 
Fig. 93. 
Fig. 94. 
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12 days after PRT: Lining of osteoblasts on bone 
surface and in marrow spaces -- H-E lOOX 
16 days after PRT: Mucobuccal fold migrated coron-
ally -- H-E 3X 
Fig. 95. 
Fig. 96. 
16 days after PRT: Connective tissue dense; bone 
repaired; height of bone not affected -- H-E J5X 
lJS 
23 days after PRT: Carbon black labels capillaries 
in between irregular rete pegs -- H-E lOOX 
Fig . 97. 
Fig . 98. 
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23 days after PRT: Bone not completely repa · red --
Mallory lOOX 
31 days after PRT : Epithelium keratinized -- rete 
pegs still missing; connective tissue fibers per-
pendicular to basal membrane; number of vessels :oer-
fused have diminished - - Mallory lOOX 
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Fig. 99. 31 days after PRT: Bone not completely repaired --
H-E lOOX 
Fig . 100. 38 days after PRT: Mucobuccal fold area -- bone 
not completely repaired -- H-E J5X 
Fig. 101. 
Fig. 102. 
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55 days after PRT: thickness of bone reestablished; 
irregularities of bone filled, resulting in smooth 
surface -- H-E 35X 
55 days after PRT -- Higher magnification of Fig-
ure 101. A distinct demarcation exists between 
old and new bone -- H-E lOOX 
Fig . 103 . 
Fig . 104. 
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55 days after PRT: Epithelium keratinized - - no 
rete pegs . Collagen fibers perpendicular to basal 
membrane - - Mallory lOOX 
55 days after PRT: Higher magnification of Figure 
103. Presence of carbon black demonstrates vessels 
in close proximity to epithelium. Collagen fibers 
perpendicular to basal membrane -- Mallory 4JOX 
Fig. 105. 85 days after PRT: Area completely healed. 
Rete pegs on buccal side did not acquire 
usual shape. Sulcular epithelium remained 
at CEJ. Bone completely repaired -- H-E JX 
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CHAPI'ER V 
DISCUSSION 
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Gingivectomy 
In this investigation gingivectomies were performed with 
a bevelled incision, as advocated by Goldman.(??) One attempt 
was made to end the incision at the bottom of the measurable 
crevice, according to Ramfjord's technique.(74) The histologic 
sections demonstrated that the exact end of the incision could 
not be predicted. The epithelial attachment was completely or 
partially removed, and in some cases the incision reached the 
connective tissue of the dentogingival junction. 
There are different opinions regarding the depth of the 
incision. Goldman(??) recommended it at the apical end of the 
epithelial attachment: Ramfjord(74) stated that the incision 
must be performed at the bottom of the measurable sulcus to pre-
vent any damage to the connective tissue "in order to avoid per-
manent loss of periodontal attachment"; Waerhaug,(80) to prevent 
apical migration, advised "that a gingivectomy should not be car-
ried out further than to approximately l.O mm from the bottom of 
the clinical pocket." 
In this investigation, apical migration occurred only 
when notches were made close to the bottom of the sulcus. When 
notches were located more apically to the prior epithelial 
attachment, connective tissue filled them thus preventing epi-
thelial migration. In this study on gingivectomies Persson(82) 
observed this apical epithelial migration when a groove was made 
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intentionally on the root surface. 
Immediately after surgery, large vessels which had been 
cut are observed in direct contact with the surface of the wound, 
where the perfused material was released. In this area the ves-
sels were dilated, and a large amount of carbon black identified 
them. 
The blood clot fills the irregularities of the wound sur-
face and outlines the new sulcus and the external surface of the 
gingiva. Some leaking vessels are in contact with the clot and 
the carbon black which flowed from them remains either on the clot 
surface or between the clot and the connective tissue. This sug-
gests that in some areas the blood clot retains the perfused mate-
rial on the connective tissue. Occasionally the blood clot appar-
ently is so permeable that the carbon black passes through it and 
remains on its surface. Considerable time is required for a vari-
ation in the new epithelization of a wound. When the incision 
eliminates the entire epithelial attachment, the only source for 
epithelium proliferation is the oral epithelium which had to 
travel from the margins of the wound to the cementum enamel junc-
tion. However, if a portion of the epithelial attachment remains, 
the migration can occur from both sides. Consequently, in the 
latter situation the epithelization of the wound is presumed to 
be faster. 
The appearance of the epithelium in the 16-day specimen 
was reminiscent of the control animal. Rete pegs were formed~ 
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the oral epithelium was keratinized, the sulcular area was healed, 
and the epithelial attachment remained at the cementum enamel 
junction. This condition was maintained until the end of the ex-
periment. 
In the two-day specimen the connective tissue close to 
the surface of the wound was disorganized. At this time the ves-
sels were dilated and were leaking. An improvement in this con-
dition could be observed after the epithelization of the wound. 
The subepithelial area was comprised of young connective tissue 
with many meaenchymal cells and fibroblasts. 
Although the vasodilation diminished in approximately 16 
days, the vessels did not acquire their normal appearance. At 
the same time, the collagen fibers were being rearranged; how-
ever, the progress of the healing process continued for a few 
weeks longer. Therefore, a more favorable stage of healing was 
achieved in the 38-day animal. No alteration in the periodontal 
ligament -was observed. Bone resorption occurred in a few animals, 
in different areas and at different times, which could not be 
correlated with the gingivectomies. 
Periosteum Retention 
It was demonstrated histologically that the epithelial 
attachment was preserved in all of the cases. The heavy colla-
gen fibers of the dentogingival junction remained, thus serving 
as a protection for the crest of the bone. The buccal bone plate 
was covered by periosteum and a thin layer of connective tissue 
• 
148 
which varied in thickness in different areas. The thickest con-
nective tissue was always present at the creatal area of the buc-
cal bone; the thinnest, almost entirely periosteum, at the more 
apical area. The rnucobuccal fold had shifted, creating a wound 
of 2.5 times the length of the previous attached gingiva. As 
moat of the soft tissue was eliminated, only the capillaries of 
the dentogingival and some periosteal vessels remained. 
A thin clot was noticed shortly after surgery. This clot 
increased rapidly in thickness for two days thereafter. At four 
days a large part of the clot had been replaced by granulation 
tissue. A detailed study by Ramfjord et a1C75) demonstrated that 
"the connective tissue proliferation is initiated one to two days 
after surgery and reaches a peak three to four days after the sur-
gery." This was also observed in the author's experiment. 
Intense activity in the granulation tissue was observed 
in the six-day specimen. Many new capillaries containing carbon 
black could be seen in an area of extensive cellular activity. 
According to Toto et al,(89) these cells are derived from the un-
differentiated reserve connective tissue cells. This situation 
predominated during the first week of the healing process. In 
the 12-day specimen, the young connective tissue appeared thin 
and irregular fibers were running parallel to the oral epithe-
lium. In the 31-day specimen modification of this pattern was 
identified for the first time, when more organized bundles of 
collagen fibers extended to the oral epithelium in a perpen-
dicular fashion. 
• 
• 
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As the collagenation increased during the healing process 
the number of vessels diminished. Approximately 38 days after 
surgery the connective tissue achieved an appearance close to nor-
mal. 
According to Klingsberg and Butcher,(73) the simple re-
moval of epithelium could be harmful to the underlying connective 
tissue and bone. In addition to the importance of the epithelium, 
Wilderman(5B) observed that the thickness of the remaining con-
nective tissue is related directly to the amount of bone resorp-
tion. In this investigation it was possible to notice a relation-
ship between the proliferation of the epithelium covering the 
wound, and the improvement of the underlying connective tissue 
during the healing process. 
Inasmuch as the epithelial attachment was left intact, it 
served as an important source of new cells which migrated to form 
the new epithelium. At two days, migration had occurred suffi-
ciently to cover the tip of the gingival margin, but only at seven 
days was the wound completely epithelized. However, at six days 
there was a blood clot at the center of the wound, where the 
epithelium had not migrated. 
During the entire experiment the rete pegs of the oral 
epithelium did not acquire the shape and size observed in the con-
trol specimen, but at Jl days keratinization was noticeable. The 
epithelial attachment remained undisturbed, and the new sulcus 
returned to normalcy. 
It is interesting to note the difference in the rate of 
• 
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epithelization when the epithelial attachment was entirely re-
moved, partially removed, or entirely preserved. Wilderman(5S) 
removed the entire epithelial attachment, and stated that the 
wound was completely epithelized after ten days; Staffileno et 
a1(70) removed part of the epithelial attachment and observed in 
their experiment that at seven days the epithelium had not ". • • 
completed its covering of the wound surface. The migration of 
epithelial tissue advances from all marginal borders of the wound, 
leaving a small circular area 8 mm in diameter without epithelial 
covering." In the author's investigation, in which the entire 
epithelial attachment was preserved, an epithelization similar to 
the one described by Sta£fileno occurred at six days; however, 
the epithelial coverage was not completed until the seventh day. 
The buccal side of the bone plate was being resorbed 
more intensily at seven days. This area was lined by osteoblasts 
in the 12-day specimen, but only at 55 days was it completely re-
paired. No alteration was observed in the crestal area of the 
bone. Apparently the thickness of the remaining connective tis-
sue on the bone is correlated with the degree of bone resorption. 
This process was also observed by Wilderman.(58) In this author's 
study greater osteoclastic activity occurred where the connective 
tissue was thin (the mucobuccal fold area); there was the least 
resorption where the connective tissue was thi·ck ( crestal area 
of the bone). 
The only two alterations observed in the periodontal 
ligament were a vasodilation in the two-day specimen and a 
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surprising amount of bone resorption twelve days after surgery. 
Possibly the latter is not a consequence of the surgical proce-
dure. 
Although the mucobuccal fold was shifted apically by the 
surgery, this position was not maintained. A coronal migration 
occurred, its fastest rate being observed during the first week. 
It was felt that by the end of the experiment the mucobuccal fold 
had returned to its prior position. 
Close examination of the kodachromes which had been taken 
during the experiment revealed the presence of the sulcular paral-
lel line~ which apparently are the capillaries of the tip of the 
gingival margin. These sulcular parallel lines disappeared after 
surgery but could be observed again in approximately seven days, 
at which time a new sulcus was being formed. This is observed more 
clearly when the capillaries of the gingival margin are labeled by 
carbon black perfusion. 
The presence of carbon black made it easier to follow 
the alterations that occurred in the vessels during the healing 
process. A flagrant vasodilation and an increase in the number of 
vessels were observed at two days and continued in the four-day 
animal. The increased vascularization continued in the seven-day 
specimen, but there was a reduction in the vasodilation. As the 
healing progressed and the collagen fibers replaced the granula-
tion tissue, the number of vessels labeled by carbon black was 
reduced significantly. At Jl days a slight increase - if, indeed, 
there was an increase - in vascularization suggested that the 
connective tissue was almost completely repaired. 
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CHAPl'ER VI 
CONCLUSIONS AND SUMMARY 
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A study was carried out for the purpose of observing the 
wound healing process and the behavior of the blood vessels when 
gingivectomy and periosteum retention techniques were performed. 
Pelikan carbon black suspension (Gunther Wagner) was filtered 
and injected into the common carotids of young adult mongrel dogs. 
The perfusion technique was performed shortly before the animals 
were sacrificed; that is, immediately after and at 2, 4, 6, 7, 12, 
16, 23, 31, 38, 55, and 85 days after the gingivectomy and perios-
teum retention techniques. 
The macroscopic aspect of the wound was evaluated clini-
cally and by means of kodachromes. Sections (8 microns in thick-
ness) were stained by the Mallory technique (Goldman-Bloom modi-
fication) and Hematoxylin-Eosin. 
The filtered carbon black solution was a valid means of 
demonstrating the presence of vessels and some modifications which 
occurred in them immediately after the incision and during the 
healing process. The presence. of the perfused material made it 
simpler to follow, to localize, and to identify the vessels. 
The solution labeled the blood vessels in situations such as vaso-
dilation, leaking vessels, cut ends of the vessels in the wound 
surface, the relationship between the vessels and the blood clot, 
the increase in the number of vessels, and the return of the ves-
sels to normalcy following healing. 
, 
• 
Gingivectomy 
l. An attempt was made to end the incisions at the 
bottom 0£ the crevice; however, it was £ound that 
this could not be predicted. 
r 
2. In the majority 0£ cases, the epithelium remained 
at the cementum enamel junction (CEJ). When 
notches were made inadvertently it was possible 
£or the epithelium to migrate apically. 
J. A thick blood clot covered the wound. This clot 
was instrumental in correcting the irregularities 
0£ the connective tissue which nad been cut, and 
in bringing about an outline 0£ a new sulcus, and 
0£ the external sur£ace 0£ the gingiva. 
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4. The material perfused £lowed £rom the vessels and 
remained either between the blood clot and the 
conE.ective tissue or on the blood clot sur£ace it-
sel£. Due to this £act, the permeability 0£ the 
blood clot, inso£ar as carbon black is concerned, 
seems to be questionable. 
5. At seven days the wound was completely epithelized. 
Only at 16 days did the epithelium show the usual 
rete pegs and keratinization • 
• 
6. No alteration on the periodontal ligament or the 
buccal bone plate could be correlated with the 
gingivectomy wound. 
7. The vasodilation and increase in vascularization, 
identified by the presence of carbon black in the 
two- and four-day specimens, decreased as the 
healing progressed, thereby achieving almost a 
normal appearance at 16 days. 
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8. At the two- and four-day healing specimen carbon 
black was leaking from some vessels, suggesting 
that either the damaged vessels were not repaired 
or that there was an increase in the permeability. 
9. The capillaries observed in the transparent tip of 
the sulcular gingiva were recognized in the koda-
chromes as sulcular parallel lines. 
10. These sulcular parallel lines disappeared as a con-
sequence of the surgery. They were, however, ob-
served again in the seven-day specimen, but could 
be observed more clearly in the 12-day specimen. 
When carbon black was injected the lines darkened, 
signifying that they were sulcular parallel capil-
laries. 
Periosteum Retention 
1. The epithelial attachment which was preserved in 
all the cases, and the oral epithelium were the 
two sources for the reepithelization of the wound. 
2. A thick blood clot covered the wound and was the 
means of correcting the irregularities of the con-
nective tissue which had been cut and of bringing 
about an outline of a new sulcus and of the ex-
ternal surface of the gingiva. 
J. Epithelial proliferation commenced in two days, 
migrating underneath the clot and covering the 
wound completely at seven days. 
4. · After Jl days the epithelium was keratinized but 
the rete pegs had not acquired its usual shape un-
til the end of the experiment. 
5. Only after Jl · days could the collagen fibers be 
identified in a perpendicular fashion to the oral 
epithelium. 
6. Apparently the mucobuccal fold, which was shifted 
apically, returned to its original position. 
7. There was a direct relationship between the thick-
ness of the remaining connective tissue and bone 
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resorption. The oste·oclastic and osteoblastic 
activity was predominant at seven and twelve days 
respectively, and at 55 days the bone was com-
pletely rebuilt. 
8. There was no change in the position of the bottom 
of the epithelial attachment, nor in the height of 
the buccal bone plate. 
9. At two and four days vasodilation and an increase 
in vascularization were identified by the presence 
of carbon black. The seven-day specimen showed a 
reduction in vasodilation. As the collagenation 
progressed, the number of perfused vessels dimin-
ished, suggesting that at 31 days normality was 
practically achieved. 
10. Sulcular parallel lines could be identified by 
close examination of the kodachromes. These lines 
were darkened when carbon black was injected, sug-
gesting that they are capillaries. The tip of the 
gingival margin is thin, its transparency reveal-
ing the presence of these small vessels. 
11. The sulcular parallel lines, which were removed 
during surgery, could be seen again after seven 
days. 
• 
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